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ABSTRACT 
A Mechanical Synthesis Approach to the 
Prognostication of Human Athletic Performance 
in Professional Sports (April 1974) 
Michael L. Kasavana, B.S., University of Massachusetts 
M.B.A., University of Massachusetts 
Ph.D., University of Massachusetts 
Directed by: Dr. Van Court Hare, Jr. 
The purpose of this study was to develop and test a 
mechanical synthesis model for the prediction of player 
performance in professional sports. It is an exercise in 
mathematical structuring of a problem situation in athletic 
selection using techniques of operations research and psy¬ 
chometrics. Only recently have sophisticated programming 
and system approaches been applied to sport, where there is 
much opportunity for such research. 
Much.research in the behavioral and social sciences has 
been devoted to analyzing the structure and predictability 
of human behavior. The research done in athletics has been 
primarily limited to human factors (i.e. coordination, agil¬ 
ity, speed, strength, and aptitude) as predictors of per¬ 
formance. Whether the approach be conceptual, clinical, or 
mathematical in nature, the capability of forecasting human 
behavior is a desireable objective. Personality schemes, 
interview techniques, statistical models, psychoanalytic 
VI 
indices, and the like have been independently employed 
toward this end, with varying degrees of success. 
The search for an optimal combination of clinical 
judgements and mechanical operations has led to the develop¬ 
ment of a synthesis approach to prediction. A mechanical 
synthesis scheme utilizes an actuarial (objective) approach 
modified by clinical (subjective) judgements. This study was 
an attempt at quantifying and combining previously indepen¬ 
dent information estimates, for the purposes of forecasting. 
This particular synthesis model applied geometrically de¬ 
creasing weights, through a dependent lagged variable re¬ 
gression formulation, to historical data. Based on clinical 
evaluations, a modified adjustment quotient was developed 
and applied to the regression products. 
To test the capabilities of the mechanical synthesis 
model to the athletic area, professional football was selected 
as the industry for investigation. The subjects were ten 
randomly selected National Football League (NFL) veteran 
quarterbacks. Past performance data for all players was 
supplied by the NFL headquarters and college and profession¬ 
al coaches furnished the remaining information. Prediction in 
performance areas specific to the quarterback player po¬ 
sition were made. Past performance data was employed in 
the lagged variable regression framework to statistically 
predict performance. A mechanical synthesis prediction of 
performance, combining a clinically derived player profile 
similarity coefficient with the past perfomance data, was 
also performed. 
vn 
Improvement in prediction was found by using the mech¬ 
anical synthesis model (over the statistical model) but due 
to the lack of extensive data and testing this finding is 
rendered inconclusive. Under the limited data editions of 
the study it appears that the synthesis predictions may, in 
part, have acted to cancel out biases in the lagged variable 
regression model. 
Although several alternative approaches to those appear¬ 
ing in the literature have been demonstrated, the question 
remains, dependent on further research, the ascertainment of 
how much information is added by incorporating clinical data 
versus an internal, technical correction by the data itself. 
The realized improvement to prediction from a lagged model 
will provide an understanding, if differences actually do 
exist, between technical and clinical inputs.' 
• • ■ 
Vlll 
Table of Contents 
Page 
ACKNOWLEDGEMENTS . iv 
ABSTRACT.  V 
LIST OF TABLES. X 
LIST OF FIGURES. xii 
FOREWARD. xiii 
CHAPTER Is INTRODUCTION . 1 
Prediction  1 
Purpose of Study 3 
Rationale for Study  4 
Scope and Limitations. 5 
Organization of the Paper . 6 
Footnotes 8 
CHAPTER II: REVIEW OF LITERATURE  10 
Predictive Modes  11 
Clinical Prediction . 11 
Statistical Prediction  12 
Further Distinctions 14 
Variations of Predictive Modes . 15 
Empirical Studies 18 
Scholastic Achievement  19 
MMPI Related Research 22 
Success Prediction . 24 
Summary Conclusions 25 
Selection of Mechanical Synthesis Model .... 29 
F t otes. 30 
CHAPTER III: MECHANICAL SYNTHESIS . 34 
Sequential Modelling  34 
The Model. 35 
I. Stage On . 35 
Data Gathering Instrument . 35 
Discriptive Sorting  36 
Analysis of Data. 37 
Composite Ranking Analysis . 37 
Data Handling. 38 
Standard Scores . 38 
Sten Values. 39 
Distance Measurement. 41 
Profile Similarity Coefficienr r . . . 41 
P 
IX 
page 
II. Stage Two. 42 
Input Variables. 42 
Player Life Cycle. 43 
Lagged Variable Regression . 43 
R Adjustment Quotient  45 
Validation. 4 6 
Summary of Model. 4 6 
Fo tnotes. 4 8 
CHAPTER IV: APPLICATION AND TESTING . 49 
Procedure. 49 
Sampl . 50 
Word Sort Questionnaire. 50 
Analysis of Dat . 53 
Evaluation of Word Sort .. 53 
Player Rankings  58 
Raw Data Profiles. 5 8 
Sten Profil s. 61 
Composite Sten Profile  65 
Coefficients of Similarity . 65 
Analysis of Sten Word Groupings. 7 8 
Player Lifes . 86 
Measured Performance  87 
Player Rank Order Correlations . 87 
Performance Prediction . 90 
Goodness of Fit. 91 
Summary. 9 5 
Footnotes. 9 6 
CHAPTER V: SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 97 
Summary. 9 7 
Critical Evaluation of Model . 98 
onclusions. 99 
Interpretations . 100 
Extensions. 101 
Recommendations  102 
BIBLIOGRAPHY  104 
APPENDIX . 10 8 
APPENDIX  119 
VITA 142 
X 
LIST OF TABLES 
Table Page 
1 Classification of Prediction Methods .... 17 
2 Summary of Conclusions from 45 Clinical- 
Statistical Studies. 27 
3 Relationship of Standard Scores to Sten Values 40 
4 Selected Word Groupings . 51 
5 Selected Word Sort Adjectives. 52 
6 Adjective Word Sort Packs by Envelopes ... 54 
7 Average Rankings for Ideal Composite by Word 
Sort Envelopes. 55 
8 Average Rankings for Ideal Composite by Word 
Groupings. 55 
9 Average Rankings Across all Players by Word 
Sort Envelopes. 56 
10 Average Rankings Across all Players by Word 
Sort Groupings. 56 
11 Comparison of Standard Deviations by Word 
Groups. 57 
12 Average Rankings for Players . 58 
13 Pattern Similarities of Profiles on A Com¬ 
posite Basis. 59 
14 Profile Comparison of Ideal and Players' 
Co posite. 60 
15 Mean and Standard Deviation of Source Trait 
Elements for Ideal Composite . 63 
16 Player Composite Sten Values for Source Trait 
Elements. 64 
17 Player Composite Profile Pattern Similarity 
Analysis. 77 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
xi 
■ge 
79 
80 
81 
82 
83 
84 
85 
86 
88 
89 
92 
93 
94 
Players' Composite Sten Profile Analyses by 
Word Group . 
Players' Composite Sten Profile Analyses by 
Word Group  
Players' Composite Sten Profile Analyses by 
Word Group . 
Players' Composite Sten Profile Analyses by 
Word Group  
Players' Composite Sten Profile Analyses by 
Word Group V,_ . 
Players' Composite Sten Profile Analyses by 
Word Group  
Players' Composite Sten Profile Analyses by 
Word Group . 
Experience Rankings  
NFL Pass Rating System Evaluations 
Rank Order Correlations 
Contingency Tables of Statistical Predic¬ 
tions . 
Contingency Tables of Mechanical Synthesis 
Predictions  
Comparison of Chi-Square Values for Pre¬ 
dictive Methods . 
'±2. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
62 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
LIST OF FIGURES 
Comparison of Individual Player Composite 
Profile to Ideal Composite Profile . . . 
Sten Profile of Player One . 
Sten Profile of Player Two . 
Sten Profile of Player Three 
Sten Profile of Player Four 
Sten Profile of Player Five 
Sten Profile of Player Six . , 
Sten Profile of Player Seven , 
Sten Profile of Player Eight . 
Sten Profile of Player Nine 
Sten Profile of Player Ten . , 
Sten Profile of All Players 
Xlll 
FOREWORD 
Accompanying the tremendous increase in popularity 
of professional sports has come the complexity of its 
organization and the depths of its decisions. Sport has 
come to be viewed as a business enterprise by its manage¬ 
ment, and a strong emphasis on profit potentiality has 
rendered the economics of the industry changed. The 
administration of athletics is no longer left to the coach¬ 
ing staff alone; business managers and wealthy owners have 
begun influencing personnel selection, operational policies 
and even the nature of the games played. 
The sport with the largest incremental revenue in the 
past decade is professional football. Football has become 
so popular that at most games the size of the stadium is 
the only constraint on attendance. The most important 
player position and the one compensated the best is that of 
quarterback. This position requires a highly qualified 
technician and a well seasoned athlete. It is this player’ 
performance on every offense play that effects the outcome 
of most contests. 
It is for these reasons that the scope of the model 
presented herein eludes to the athletic area and to pro¬ 
fessional football specifically. The model in its general 
form can be applied to any prediction situation for testing 
Many of the industry’s characteristics are tied directly to 
the model, but this shouldn’t preclude other applications. 
CHAPTER I 
INTRODUCTION 
Much research in the behavioral and social sciences 
has been devoted to analyzing the structure and predicta¬ 
bility of human behavior. Whether the approach be con¬ 
ceptual, clinical, or mathematical in nature, it is appar¬ 
ent that to possess the capability to forecast human behav¬ 
ior is a desireable objective. Personality schemes, inter¬ 
view techniques, statistical models, psychoanalytic indices, 
and the like, have been devised in an attempt to attain this 
goal. Regardless of their shortcomings, these methodologies 
are employed for predictive purposes. 
Prediction 
There exists a still yet unresolved controversy among 
psychologists and sociologists as to whether statistical 
prediction, clinical prediction, or a combination of both 
schemes, is the most accurate and efficient predictive mode. 
The first major summation of the work done to date was pre¬ 
sented in 1954 by Paul E. Meehl in his book. Clinical vs. 
Statistical Prediction.^ Meehl concluded that his findings 
support the use of purely statistical schemes as the best 
predictive operation. He limited his investigation to data 
combination and failed to address himself specifically to 
the problems of data collection. This led to criticism and 
2 
a lack of acceptance by the social science community. 
2 
Gough agreed that the modes of data collection should be 
disregarded in the discussion and he directed his attention 
to delineating between clinical and statistical prediction 
based on combination of data, just as Meehl had done. 
3 
Holt, analyzing Meehl's work, put forth innovative thoughts 
concerning the collection and combination stages in the pre- 
4 
diction process. He, similar to Sarbin, proposed a synthe¬ 
sis formulation for combining, in a single procedure, both 
clinical and statistical modes. Holt sought to find an op¬ 
timal combination of both clinical evaluation and statisti¬ 
cal processes, not to prove one method's advantage. 
5 
Sawyer, in 1966, classified and analyzed forth-five earlier 
empirical studies through the construction of a creative 
comparison framework. His eightfold classification table 
included a mechanical and a clinical synthesis grouping 
under the heading of data combination. This was a revolu¬ 
tionary approach to the analysis of prior research. His 
conclusions, however, were not revolutionary. His outcomes 
supported Meehl's original thesis and his preliminary test¬ 
ing of a mechanical synthesis approach equalled the predic¬ 
tive qualities of the mechanical (statistical) composite, 
regardless of how the data was collected. Sawyer further 
stated that he believed that neither synthesis approach 
appeared promising. 
Research in athletics has been primarily limited to the 
I 
assessment of human factors (v. e. co-ordination, mobility, 
agility, speed, strength, and aptitude) as predictors of 
performance. Discussion in sports has centered around the 
efficiency of these traits as predictive factors, and modi¬ 
fications in approach have been specific to variables iso¬ 
lated for analysis. Manclis, Ellena, Cowell and Ismail, 
Norred, and Wilhelm, for example, have investigated effects 
of human variables cr. football player performance. Although 
conclusions and correlation coefficients may vary, the em¬ 
phasis on statistical prediction purely by physiological 
measurement criteria is constant throughout. 
Wettstone, Cureton, Kroll, Hooks, Place, and Mohr and 
7 
Haverstick, are a samole of researchers who have studied 
9 m. 
other athletics. Included in these studies were physical 
characteristics specific to the player's sport. Gymnastics, 
swimming, and wrestling are individual sports that have un¬ 
dergone analysis, while baseball and volleyball are addi¬ 
tional team sport3 that received attention. Similar model¬ 
ling formats to those studies cited above were employed to 
delineate human variables having the most weight for pre¬ 
dictive purposes. 
Purpose of Study 
The prediction of another's performance is a complex 
task composed of biases and inaccuracies, yet it is contin¬ 
uously being performed in all levels of interpersonal in- 
3 
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Haverstick, are a sample of researchers who have studied 
other athletics. Included in these studies were physical 
characteristics specific to the player's sport. Gymnastics, 
swimming, and wrestling are individual sports that have un¬ 
dergone analysis, while baseball and volleyball are addi¬ 
tional team sports that received attention. Similar model¬ 
ling formats to those studies cited above were employed to 
delineate human variables having the most weight for pre¬ 
dictive purposes. 
Purpose of Study 
The prediction of another's performance is a complex 
task composed of biases and inaccuracies, yet it is contin¬ 
uously being performed in all levels of interpersonal in- 
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volvement. People have always had an extensive interest in 
judging one another's qualities, and constructing behavioral 
expectations. The primary purpose of this study is to de¬ 
scribe the development and application of a mechanical syn¬ 
thesis model for prediction in professional athletics and 
to test its relative significance. Professional football 
will be the case in point, and since current industry prac¬ 
tices have not achieved the desired level of efficiency re¬ 
quired, a more meaningful projection of player performance 
will be an important furtherance to the knowledge essential 
for the management of a team franchise. The validation for 
this study is somewhat unique, in that, the data for testing 
is being generated simultaneously. 
An additional purpose of this study is to demonstrate 
the capabilities of infrequently used test and measurement 
instruments. An unusual application of the adjective word 
sort questionnaire, the transformation of raw data to sten 
values, and the determination of a pattern similarity co¬ 
efficient are important tools receiving limited employment 
in research. The exposure of these, techniques is partially 
intended to further extend their usefulness. 
Rationale for Study 
The rationale for this study is three-fold: a) scien¬ 
tific value, b) behavioral implications, and c) practical 
application. The value arising from the mathematical struc- 
5 
turing of the problem situation to the scientific community 
will serve as an achievement in the application of opera¬ 
tions research techniques to sports. It is only recently 
that sophisticated programming and system approaches have 
been applied to the athletics area and there is sufficient 
opportunity and need for such research. 
The social scientists have been wrestling with the 
arguments concerning the clinical versus the actuarial im¬ 
portance and contribution to prediction theory, and this 
study will serve to further support or attack past discus¬ 
sions. Whether the arguments have addressed themselves to 
the procedures of the experimenter, the data collection or 
data combination, has been of little consequence. It is 
hoped that a study based on strong theoretical ground will 
contribute greatly to the state of the art. 
The practical application and usefulness of the model¬ 
ling to the professional sports world will be of tremendous 
worth to the team's administration. It will render manage¬ 
ment better able to appraise and predict the future contri¬ 
butions of their employees. 
Scope and Limitations 
The subjects of this study were ten veteran profession¬ 
al quarterbacks of the National Football League (NFL). The 
average player life was six years, while one player had en¬ 
dured only two professional seasons. An adjective word 
7 
concerning the relative merits of each approach. 
In Chapter III the specifications and design of the 
mathematical modeling procedure are explained. The sequen¬ 
tial model is presented in its stages with attention given 
to the adjective word sort, profile similarity coefficient, 
and multiple regression formulation. The integration of 
industry characteristics are tied to the model for a more 
complete framework. 
Chapter IV contains a description of the application 
and testing of the model in an industry setting. The fore¬ 
casts generated by the model are tested against observed 
behavior and an analysis of the data is given. 
An evaluation of the mechanical synthesis model and 
recommendations for further extensions and adaptations, 
testing, and implementation are offered in Chapter V the 
concluding section of the paper. 
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CHAPTER II 
REVIEW OF LITERATURE 
Historically, social scientists have assumed a simple 
linear relationship between prediction and behavior. Con¬ 
temporary methodology, however, points to the application 
of multiphasic devices designed to relate different predic¬ 
tive relationships with criterion behavior. The fact that 
there exists no standardized assessment strategy of evalu¬ 
ation presents a problem of selection amid alternative ap¬ 
proaches. Researchers have been involved in a fierce con¬ 
troversy concerning the relative qualities among clinical 
and statistical methods of predictive operation. In one 
extreme case, data is quantified and manipulated according 
to a predetermined series of formulations (i.e. purely sta¬ 
tistical) , while in the other, data is evaluated on purely 
subjective grounds and outcomes depend upon the expertise 
of the experimenter (i.e. purely clinical). Prediction 
frameworks available to the investigator lie along a con¬ 
tinuum containing these end points. The distinction be¬ 
tween predictive modes, basically, lies in how weights are 
assigned to variables in order to attain an optimal predic¬ 
tion equation. 
11 
Predictive Modes 
Clinical Prediction 
In their book, Personality Assessment, Lanyon and Good- 
stein offer the following description of the clinical pur¬ 
suit, "The clinical approach to prediction... permits the 
practitioner to assign his own weights to the predictors and 
to combine these predictors in a subjective fashion. The 
clinical approach refers to instances in which the psycholo¬ 
gist (or physician, or stockbroker, or what have you) uses 
judgement or 'intuition' in order to make what he feels are 
the appropriate adjustments in the given circumstances. 
Meehl, from a firmer psychological perspective, comments: 
On the basis of interview impressions, other data 
from the history, and possibly also psychometric 
information...we formulate...some psychological 
hypothesis regarding the structure and the dynamics 
of this particular individual. On the basis of 
this hypothesis and certain reasonable expectations 
as to the course of outer events, we arrive at a 
prediction of what is going to happen.2 
Sarbin simplifies the process. "Starting from a position 
which is logically acceptable—namely, that items in the 
history of an individual are associated with subsequent be¬ 
havior—clinicians seek to discover and weigh items in the 
3 
client's previous and current history." 
After conducting extensive research on this topic. 
Sawyer, divides the clinical prediction mode into two dis¬ 
tinct parts. He sees the collection and combination stages 
of the predictive scheme as separate and explains his purely 
12 
clinical methodology as: 
Here the clinician predicts behavior from an in¬ 
terview or other direct observation, without 
having any test or other objective information. 
In making his prediction, the clinician may take 
the intermediate step of constructing an explicit 
assessment of personality characteristics, then 
predict from these rather than directly from the 
observed behavior. Whether or not the clinician 
specifies an intermediate assessment, it seems 
likely that there exists at least a set of in¬ 
tervening variables between behavior and predic¬ 
tion. ^ 
The common thread running throughout the above descrip¬ 
tions is that the clinical or case-study approach to the 
analysis of data, by an expert, is an intuitive, subjective 
operation. The characteristic feature being that the ex¬ 
perimenter has the task of assigning his own weighting 
scheme to variables and makes adjustments in accordance with 
individual cases. 
Statistical Prediction 
Dr. Philip Vernon, in his book. The Measurement of 
Abilities, describes statistics as an essential prerequi¬ 
site to psychological assessment. He writes, "Statistics 
means nothing more than numerical data, such as measure¬ 
ments, examination and test results; and statistical methods 
are merely the ways of dealing with, or organizing, these 
5 
data so as to bring out their full significance." Lanyon 
and Goodstein explain: 
In the actuarial approach to prediction, the 
predictors (cues, scores, responses, data) 
are first quantified and then are combined 
according to a set of rules that have been 
13 
empirically determined and that are to be scrupu¬ 
lously followed. On the basis of previously com¬ 
pleted research, each of the obtained predictors 
is given some quantitative weight, and these pre¬ 
dictors are then combined into a "best-fitting" 
actuarial mode...The important consideration is 
always that the actual process of decision making 
in the actuarial mode follows predetermined rules 
in a strictly mechanical fashion, requiring no ^ 
human judgment once the procedure is established. 
Meehl sees the statistical method of prediction as a mechan 
ical procedure for purposes of classification. He states, 
"The mechanical combining of information for classification 
purposes, and the resultant probability figure which is an 
empirically determined relative frequency, are the charac¬ 
teristics that define the actuarial or statistical type of 
prediction."7 
In describing statistical prediction, as in describing 
the clinical mode, Sawyer delineates between the collection 
and combining of data in his purely statistical prediction 
category. He simply describes the two stages as character¬ 
ized by mechanical features. Sawyer differs slightly from 
Meehl' s opinion that the actuarial method is characterized 
as unmixed between clinical and statistical functions, 
since he believes some human input is required. 
In the actuarial or statistical mode data are combined 
according to some prespecified rules, usually a set of equa 
tions. Many variables enter into an optimal predictive 
equation and the appropriation of objective quantitative 
weights to the predictors highlight this approach. The un- 
14 
derlying assumption that history will repeat itself, may be a 
valid one. 
Further Distinctions 
To simply define the extreme forms of predictive method¬ 
ologies fails to capture the differentiation between opera¬ 
tions. Sarbin, Taft, and Bailey present this distinction: 
The crux of the difference lies in the way in which 
new premises are formed from postulates and from 
combinations of the conclusions from previous in¬ 
ferences. The major premises in actuarial predic¬ 
tions are empirically based, their combination of 
previous conclusions utilizes optimal weights 
based on the experience, and they permit the ex¬ 
plicit specification of the probability that the 
predicted event will occur. On the other hand, 
clinical predictions may utilize premises derived 
from non-inductive postulates, such as psycho¬ 
logical theory, and thus may use data for which 
experience tables would be impractical.8 
Shortly after this distinction was made, H. G. Gough, taking 
an innovative approach to analysis, set forth a new discrim¬ 
ination. Gough wrote: 
The defining distinction between clinical and 
actuarial methods is instead to be found in the 
way in which the data, once specified, are com¬ 
bined for use in making the prediction. If the 
procedures, however complex mathematically, are 
in principle such that a clerk, or a machine or 
anyone else could carry out the necessary oper¬ 
ations and that the result would be the same in 
all instances, then the method is actuarial or 
statistical in the sense here being discussed. 
If the combining is done intuitively, if hy¬ 
potheses and constructs are generated during 
the course of the analyses, and if the process 
is mediated by an individual's judgement^and 
reflection, then the method is clinical. 
Hence, Gough dealt specifically with the ways the data, once 
gathered, could be used to differentiate the schemes. Sawyer 
15 
took the discussion one step further by mentioning both the 
methods of data collection and combination as contributing 
to the separation. Sawyer offers this description, "Whether 
the prediction is called clinical or mechanical typically 
depends on how the data were combined; correspondingly, the 
present analysis calls measurement clinical or mechanical 
depending on how the data were collected. Thus, measurement, 
like prediction, is called clinical if a clinician must be 
involved.Sawyer developed a framework for comparing pre¬ 
dictive methods and used the combination versus the collec¬ 
tion stages of the process as the defining criteria. Looking 
at the arguments from a practical point of view, Lanyon and 
Goodstein state, "It is obvious that in most situations en¬ 
countered in the practice of personality assessment there 
are relatively few opportunities to use statistical predic¬ 
tion, and that such a procedure would be possible only when 
the situation can be standardized sufficiently to permit the 
development of objective rules. 
Variations of Predictive Modes 
Up until the last decade, investigators perceived data 
as given, and delineated between clinical and statistical 
prediction based merely on data combination. This type of 
analysis allowed the researcher to compare combination abil¬ 
ities among mechanical rules and clinicians and to conclude 
upon the accuracy and efficiency of the data combination 
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stage only. Interviews, testing, and measurement of all 
kinds were excluded since only combination of outcomes were 
employed as predictors. However, subsequent arguments were 
not limited to the data combination phase alone. The dis¬ 
pute took the form of a battle between the predictive abil¬ 
ities and competency of the clinician versus an objective 
set of mechanical procedures. Recently researchers have 
seen the need for backward integration and have begun to 
segmentate data collection from data combination. The re¬ 
sult has been to produce a continuum of data collection and 
combination schemes ranging from the purely statistical to 
the purely clinical. With clinical and statistical methods 
as poles many intermediate variations, never before util¬ 
ized, have started to receive attention. Many social sci¬ 
entists believe that it was this neglect of the measurement 
phase of the predictive process that has left the clinical- 
statistical dilemma unresolved. 
Sawyer has constructed the most thorough comparison 
framework for classifying predictive methods. He explains: 
"Data can be collected in three ways (clinically, mechanic¬ 
ally, or by both modes) and combined in two ways (clinical- 
12 
ly or mechanically). This creates six distinct methods..." 
He continues to state that synthesis of some of these methods 
produces two more methods for evaluation. His classification 
table follows: 
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TABLE 1 
Classification of Prediction Methods 
Mode of Mode of Data Combination 
Data 
Collection Clinical Mechanical 
Clinical 1. Pure Clinical 2. Trait ratings 
Mechanical 3. Profile 
interpretation 
4. Pure statistical 
Both 5. Clinical 
composite 
6. Mechanical 
composite 
Either 
or botha 
7. Clinical 
synthesis . 
8. Mechanical 
synthesis 
a 
Plus, for the clinical synthesis, the prediction of Method 
2, 4, or 6; or, for the mechanical synthesis, the predic¬ 
tion of Method 1, 3, or 5. 
Classification of Methods 
1. Pure clinical: clinically collected data, 
clinically combined. 
2. Trait ratings: clinically collected data, 
mechanically combined. 
3. Profile interpretation: mechanically collected 
data, clinically combined. 
4. Pure statistical: mechanically collected data, 
mechanically combined. 
5. Clinical composite: both modes of data, 
clinically combined. 
6. Mechanical composite: both kinds of data, 
mechanically combined. 
7. Clinical synthesis: Take a prediction, produced by 
mechanical combination, and treat 
it as a datum to be combined clin¬ 
ically with the other data. 
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8. Mechanical synthesis: Take a prediction, produced 
by clinical combination, and treat 
it as a datum to be combined mech¬ 
anically with the other data.13 
Hence, instead of simply labelling a predictive mode as 
either clinical or statistical, an investigator can employ 
any number of classification schemes. It is this wider field 
of methods that allows conclusions to be more specific to 
the research at hand, rather than critical to a body of ex¬ 
periments as has been the case. 
Empirical Studies 
Behavioral scientists began investigation into the rela¬ 
tive achievements of clinical and statistical modes of pre¬ 
diction in 1918 when E. L. Thorndike's article, "Fundamental 
theorems in judging men,"^ appeared in the Journal of Ap¬ 
plied Psychology. Thorndike studied the weighting of infor¬ 
mation by mechanical framing and the discretionary amalgama¬ 
tion by the clinician. He found the two analagous. In a 
time when psychologists were convinced that the relationship 
between case history and behavioral outcomes was either un¬ 
related or nonlinear, this was a shocking conclusion. This 
set forth the first distinction between the two approaches 
and led to controversy in the social science community. It 
was the beginning of many unique applications concerning 
human behavior prediction. 
To date a large number of empirical studies have been 
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performed under the guise of either clinical or statistical 
predictive methodology, yet, the literature terms only 
fifty, or so, as relevant. Although experimental designs 
differ greatly, the predicted criterion behaviors have been 
limited in diversification. Scholastic achievement (i.e. 
school grades, IQ, rank in class, etc.) prediction has re¬ 
ceived the most attention; more than one-third of all studies 
cited are in this area. Cases involving analysis by appli¬ 
cation of the Minnesota Multiphasic Personality Inventory 
(MMPI) for evaluation of patients during therapy treatment, 
rated personality traits, and the identification of mental/ 
medical disorders have accounted for slightly under one- 
third of the research. The remainder of studies has been 
focused on prediction of success in the areas of parole, 
post-training, and marriage. 
Scholastic Achievement 
More than one-half of all empirical studies in this 
area concern themselves with the prediction of freshman 
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grades. T. R. Sarbin performed the first and most com¬ 
plete study in 1942, using academic success as his criter¬ 
ion variable. He constructed his hypothesis based upon ac¬ 
curacy of prediction between a clinical counselor and the 
results of a two variable regression equation. His sample 
consisted of one hundred and sixty-two students at the Uni¬ 
versity of Minnesota for which high school rank and college 
aptitude test results were available. These two measurement 
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variables served as exclusive input to the regression equa¬ 
tion. In addition to this data, the five academic coun¬ 
selors, all experienced and competent, made their predic¬ 
tions following a review of the student's record, and inter¬ 
view, and the results of further examinations (i.e. apti¬ 
tude, achievement, and vocational). Commenting on Sarbin's 
work, Meehl states, "It was designed from the start to com¬ 
pare the two methods, whereas in most of the other relevant 
studies that comparison was incidental to some other major 
research aim."^ Sarbin found the statistical mode of pre¬ 
diction superior to that of the clinical and further con¬ 
cluded that the objective measures (the two variables in 
the mathematical equation) had different meanings to the 
clinicians, and therefore received different weighting. He 
writes, "In light of these data it would appear that the 
case-study method takes behavior segments with known weights 
17 
and applies other weights which are less efficient." 
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Melton, ten years later, used the same university's 
students (n=543) as Sarbin and tested a regression equation 
against the predictions of psychology graduate students 
considered astute in this area. He used the same measure¬ 
ment variables as Sarbin and found the statistical predic¬ 
tion equal, in accuracy, to the clinical composite formula- 
19 
ted by the graduate students. Chaucey also stated that 
he found statistical and clinical predictive capabilities 
equal following his 1954 evaluation of one hundred Harvard 
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University frosh. He examined the abilities of student per¬ 
sonnel administrators against a two variable regression equa¬ 
tion composed of high school rank and college board test 
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scores. Four years later Pierson found a statistical pre¬ 
diction technique, employing high school grades, more effi¬ 
cient and accurate than high school teachers' forecasts. 
Taking a somewhat different approach to the same prob- 
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lem, Rosen and Van Horn, in 1961, utilized the evaluations 
of two hundred and fifty-five applicants by a scholarship 
award committee as clinical input. They found the predic¬ 
tions of a simple regression equation equivalent to the pro¬ 
file interpretations of the group. More recently, Doleys 
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and Rengalia tried still another innovative technique. 
They had students self-evaluate themselves and forecast 
their own college grades. They tested these 'clinical' pro¬ 
jections against their SCAT aptitude test score predictions 
and found the actuarial treatment exceeded the accuracy of 
the student's own prediction. For predicting school grades 
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other than for the freshman year, Watley and Vance in the 
early 1960's investigated the performance of one thousand 
University of Minnesota undergraduates. They found that 
the abilities of counseling psychologists to develop ade¬ 
quate individual student composites was identical to the 
forecasts set forth by a regression equation. 
Analysis of military school grades has also received 
some attention. In 1947 two studies were performed on Navy 
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enlisted men. Bloom and Brundage, working with a very 
large sample (n=37,862) employed a predictive equation con¬ 
sisting of aptitude and achievement test scores. They found 
this prognostication to surpass the beliefs of qualified in¬ 
terviewers, even though the interviewers possessed more in- 
25 
formation. Conrad and Satter, in that same year, compared 
projected electrical school grades for three thousand two 
hundred and forty-six men and concluded that a regression 
equation (with variables of arithmetic and electrical abil¬ 
ities test scores) and the clinical composite by the inter¬ 
viewer were equal in ability to predict attainment of grades. 
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Late in the 1950's, both Gregory and Cliff worked with 
Naval officers and found actuarial approaches to the pre¬ 
diction of school grades far more accurate than any clinical 
procedure attempted. 
A review of the relevant studies performed in the 
scholastic achievement field shows that in most cases the 
actuarial approaches, typically a two variable regression 
equation, exceeded the predictive accuracy of the clinical 
composites. In no study was the statistical method found 
inferior to the clinical, however, they did provide the same 
number of successes in many inquiries. 
MMPI Related Research 
Researchers have compared a profile interpretation of 
a qualified psychologist to a statistical equation involving 
the results of the MMPI profile. Chronologically, Hovey and 
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Stauffacher rated the personality traits of forty-seven 
student nurses and discovered the mechanical framework equi¬ 
valent, in predictive accuracy, to the derived profile in¬ 
terpretation. When studying the improvement of patients 
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during therapy treatments, Barron observed the behaviors 
of thirty-three psychoneurotics. His findings were directly 
supportive of the Hovey and Stauffacher report. 
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A few years later, Meehl chose the diagnosis of psy¬ 
chosis versus neurosis in three hundred and fifty patients 
as his criterion variable. He reached similar conclusions 
to the previous studies and this rendered the struggle be- 
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tween clinicians and statisticians inconclusive. Halblower, 
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working with eight mental patients, and Wirt, evaluating 
thirty-eight therapy patient's improvement, both concluded 
that the actuarial predictive scheme clearly resulted in 
better forecasts than did the profile interpretations con¬ 
structed by MMPI experts and psychologists. The size of 
their samples received criticism and it wasn't until 
33 
Oskamp,^ in 1967, investigated Veteran Administration pa¬ 
tients (n=100) that the issue resumed a confused state. 
He found identical conclusions regardless of whether the 
statistical or clinical mode of prediction was used. This 
led scientists to an indifference among approaches regard¬ 
ing prediction and the employment of MMPI profiles. 
24 
Success Prediction 
The studies conducted in the area of criminal behavior 
prediction were some of the first. The use of a criminal's 
biographical sketch and a professional interview are char¬ 
acteristic of input data for these studies. The earliest ex- 
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periment was directed by Borden, in 1928, when he compared 
a psychologist's prediction of parole success for two hun¬ 
dred and sixty-one prisioners against the projections of a 
regression equation. His findings favored the statistical 
model and were quite unpopular. Criminal recidivism was an- 
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alyzed in five hundred Bavarian ex-prisioners by Schiedt. 
Employing the expertise of a physician and assigning unit 
weights to the criminal's background record, Scheidt con¬ 
cluded that the statistical method outperformed the clinical 
composites of the doctors. 
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Burgess and Glaser both compared the relative merits 
of two predictive modes when attempting to forecast parole 
violations. These two investigators employed large samples 
and took biography and interview outcomes as information 
data. The difference between the two studies lies in their 
results. Burgess found the mechanical procedures superior, 
while Glaser was indifferent between the two methods. 
3 8 
Burgess and Wallin tested the abilities of graduate 
students to predict marriage success in more than two hun¬ 
dred couples. Using case history ratings and other trait 
rating scores, the conclusions strongly point to the superi- 
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ority of the statistical approach. Immediately following 
their training, pilot's potentials were projected by avia- 
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tion and personnel officials. Dunlap and Wantman com¬ 
pared these projections with the predictions of a regression 
model and found the mathematical equation no better able to 
make appraisals. In both of his studies, Lindzey,^ employ¬ 
ing the TAT examination and evaluations by eminent psycholo¬ 
gists, attempted to predict overt homosexuality. His find¬ 
ings were that the clinical composites of the psychologists 
and the results generated by assigning unit weights produced 
similar predictions. 
Summary Conclusions 
In 1954 Meehl, conducting a seminar on the relative ad¬ 
vantages of predictive schemes, presented a review and cri¬ 
tical analysis of the eighteen relevant studies to date. He 
focused his attention to modes of data combination and spe¬ 
cifically avoided considering measurement or collection of 
data. His distinctions between the clinical and statistical 
predictive efficiencies refer exactly to the data combina¬ 
tion stage only. Meehl writes, "...it is clear that the 
dogmatic, complacent assertion sometimes heard from clini¬ 
cians that 'naturally,' clinical prediction, being based on 
'real understanding,' is superior, is simply not justified 
41 . . • 
by the facts collected to date." Referring specifically 
to the studies performed, he comments: 
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In about half of the studies, the two methods are 
equal; in the other half, the clinician is defin¬ 
itely inferior. No definitely interpretable, fully 
acceptable study puts him clearly ahead. In the 
theoretical section preceding we found it hard to 
show rigorously why the clinician ought to do 
better than the actuary; it turns out to be even 
harder to document the common claim that he in 
fact does.42 
Hence, Meehl favors the statistical predictive mode since it 
has been proven either equal or superior to the clinical pro¬ 
cess in all relevant investigations. 
The next major review of research in this area came in 
the mid-1960's when Jack Sawyer developed and employed his 
classification of predictive methods framework. Classifying 
predictive schemes based on the types of collection and com¬ 
bination processes used, along with the introduction of two 
synthesis approaches. Sawyer selected forty-five previous 
studies for inclusion in his analysis. Some of the studies 
in Sawyer's investigation employed more than two predictive 
methods, and therefore, they produced seventy-five compari¬ 
sons for evaluation. The summary of conclusions table 
Sawyer presents follows. 
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TABLE 2 
Summary of Conclusions 
from 45 Clinical-Statistical Studies 
Mode of Mode of Data Combination 
Data Collection 
Clinical Mechanical 
Clinical 1. Pure Clinical 20% 2. Trait Ratings 46% 
Mechanical 3. Profile interpre¬ 
tation 62% 
4. Pure statisti¬ 
cal 62% 
Both 5. Clinical Com¬ 
posite 26% 
6. Mechancial Com¬ 
posite 75% 
Either or 7. Clinical Synthe- 8. Mechanical Syn- 
Botha sis 50% thesis 75% 
Note: In each cell is the percentage of the comparisons in 
which the method surpassed, plus one-half the per¬ 
centage of the comparisons in which it equalled, the 
other method. 
aPlus, for the clinical synthesis, the prediction of Method 
2, 4, or 6; or, for the mechanical synthesis, the predic¬ 
tion of Method 1, 3, or 5. 
From this table Sawyer observes these findings: 
1. Within each mode of data collection, the mechanical mode 
of combination is superior, by margins of 26, 24, 49, and 
25%. This not only replicates Meehl's (1954a) conclu¬ 
sion, but shows that it holds independently for each 
mode of collection. 
2. Within each mode of data combination, the clinical mode 
of collection by itself is inferior, by margins ranging 
from 6 to 29%. 
3. With the exception of a single method, the difference 
between modes of combination depends very little upon 
the mode of collection, and vice versa. This gives 
little reason to prefer particular modes of data com¬ 
bination for particular modes of collection-even 
though the choice of methods in these 45 studies in 
fact shows such preferences strongly. 
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4. The one exception to this low interaction is the clini¬ 
cal composite, which is about 24% lower than the other 
seven values would indicate in the absence of interac¬ 
tion. Thus, when combination is mechanical, it is 
better to have both kinds of data than either alone; 
but when combination is clinical, having both kinds is 
little better than having only clinically collected data 
and not as good as having only mechanically collected 
data. 
5. The clinical synthesis, where the clinician knows the 
mechanical prediction, surpasses the clinical composite 
(though, mainly, it appears, because the latter is so 
low). The mechanical composite, however, is better 
than either, and is not improved by adding to it the 
clinical prediction. Thus, in these studies, neither 
synthesis appears promising.43 
Hence, Sawyer, like Meehl, finds the mechanical method 
of data combination always equal or superior to the clinical 
He further states that the means of data collection does not 
change the findings. This settled some of the earlier criti 
cisms of Meehl's lack of attention to the collection phase 
of the research. Although Sawyer's conclusions fully sup¬ 
port the earlier investigations, he writes, "The present an¬ 
alysis, though it compares a larger number of studies more 
comprehensively than any prior treatment, by no means firmly 
resolves the various questions of 'clinical versus statisti¬ 
cal prediction'. This lack of resolution stems largely from 
44 
various methodological problems...." 
This chapter was devoted to a review of the relevant 
literature. Nearly fifty studies were discussed and the 
findings of each highlighted. A review of these studies 
points to the fact that in all cases the mechanical predic¬ 
tive mode equalled or surpassed the capabilities of the 
29 
clinical methodology. Recent investigators introduced two 
synthesis approaches for further study. So far there has 
been little done to test these approaches on a pre-experi¬ 
ment base. The work done with the synthesis schemes has 
come only after a study had been performed. Scientists 
point to a need for such a synthesis scheme and the present 
study has this purpose. 
Selection of Mechanical Synthesis Model 
The present study is specifically concerned with pre¬ 
dicting player performance in professional sports. At pres¬ 
ent clinical and statistical analyses are independently em¬ 
ployed as a basis for roster selection and performance pre¬ 
diction. To date, no highly reliable predictive framework 
exists. Since professional sports are capable of collecting 
data (scouting, recruiting, game statistics, etc.) a synthe¬ 
sis approach has the advantage of combining both subjective 
judgements and objective measurements. Since the clinical 
synthesis scheme appears less capable than the mechanical 
synthesis, and because it is largely dependent on the exper¬ 
tise of the experimenter, the mechanical synthesis model is 
selected for testing. The present study is an innovative 
attempt to evaluate the mechanical synthesis model on a pre¬ 
determined experimental basis. 
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CHAPTER III 
MECHANICAL SYNTHESIS 
In trying to find an optimal combination of clinical and 
mechanical operations, scientists have indicated a need for 
a synthesis approach to prediction. A synthesis scheme is 
characterized by a two stage sequence of outcomes, since both 
predictive modes are not brought to bear simultaneously. It 
is this second step that provides the opportunity to formu¬ 
late predictions, given additional knowledge of the situation. 
If this final stage is statistical in nature, the synthesis 
is termed mechanical; if it is clinical, it is termed clini¬ 
cal synthesis. (Note: Athletics is the context only for this 
study). 
Sequential Modelling 
To predict human performance, within some reasonable 
range, through the relation of past objective accountings 
and relevant subjective evaluation criteria, is the objec¬ 
tive of this model. By relating these two dimensions in a 
predictive format an expectation of performance can be de¬ 
rived and tested against observed behavior. The hypothesis 
for testing is: 
H : That a mechanical synthesis model for the pre¬ 
diction of athletic performance will be more 
accurate than a purely statistical model. 
The mechanical synthesis model is discussed by its stages 
below. 
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The Model 
I. Stage One 
Data gathering instrument. To obtain the data for this 
section of the model an adjective word sort questionnaire is 
designed and administered to experts in the respective ath¬ 
letic area. Similar to a Q-sort test, the adjective word 
sort is dependent upon the identification of significant 
source trait elements using descriptive words or phrases that 
connotate their meaning. Preliminary selection of words is 
based upon appropriateness to the situation and the ability 
to accurately communicate to the prospective respondent. 
The number and type of words required is a function of the 
number of variables (i.e. word groupings) dictated by the 
problem at hand. 
Recognition of the crucial variables essential to pre¬ 
dicting athletic performance leads to the specification of 
synonyms. These source trait elements (adjectives) are then 
separated into envelopes in a manner that provides each var¬ 
iable equal representation throughout all envelopes. The 
words are printed on individual cards and the envelopes they 
are sorted into are called adjective word packs. For exam¬ 
ple, if four adjectives were sought for each variable then 
four adjective words packs would be randomly generated, each 
containing one word per variable. One of each adjective 
word sort pack is placed into a larger envelope comprising 
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a player pack. The adjective word sort questionnaire is com 
posed of one packet per player in the sample and one packet 
for the evaluation of an "ideal" player. The ideal player 
provides a point of reference for the formulation of a dis¬ 
tance measure among players in the sample set. 
Descriptive sorting. Each respondent receives a ques¬ 
tionnaire containing one player pack for each player in the 
sample, and one player pack for the ideal. The adjectives 
corresponding to the word groupings selected, herein re¬ 
ferred to as source trait elements, are rank ordered from 
most descriptive of a particular player to least descriptive 
In other words, the player pack for a given player is opened 
and inside are a set of adjective word packs. The respon- 
dnet opens the adjective word packs in random order and 
sorts the adjective cards by relating the enclosed qualities 
to the player in question. The respondent is requested to 
react to the ideal player pack first as an introduction to 
the format of the test, and as a familiarization with the 
source trait elements. The remaining players in the ques¬ 
tionnaire are analyzed in a random sequence and the ranking 
of the adjectives within packs is repeated across all player 
packs. At the completion of the adjective sort, the respon¬ 
dent rank orders all players in the sample from best to 
worst player. 
Hence, initial design of the word sort test begins with 
the identification of significant variables for analysis. A 
37 
ranking of all source trait elements and an overall ranking 
of all players in the sample is derived. 
Analysis of data. Data is collected and coded as soon 
as all players are ranked and the entire package is sealed. 
The analysis of the data begins with an inverse scaling of 
the ranked source trait elements. The assignment of an in¬ 
verse numerical value for rank orders is dependent upon the 
number of adjectives per adjective word pack. For m word 
groupings, the inverse scaling factor (ISF) is: 
(1) ISF = m - n + 1 
Where n is the rank order position of any element. For ex¬ 
ample, if there are seven adjectives per word pack and a 
selected word is ranked fifth, then its inversely scaled 
value is: 
(2) ISF = 7 - 5 + 1 = 3 
The completion of the inverse scaling across all data sheets 
will enable a more mathematically meaningful analysis. 
Composite ranking analysis. Summing the values of all 
scaled ranks for the respective source trait elements across 
all respondents will provide information for the calculation 
of average rankings for all elements, for all players, in¬ 
cluding the ideal. Unsealed data would have a mean of: 
(3) X = Zxi/j 
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Where x^ is the rank of the i-th element and j is the number 
of observations in the sample population. By scaling the 
ranked data the scaled mean (M) becomes: 
(4) M = Z(f-xi+l)/j 
= Z(f+1) - Zx±/j 
= j(f+l)/j-Zxi/j 
= f + 1 - X 
Where j is the number of observations, f is the number of 
different source trait elements per word pack, and X is the 
mean of the unsealed data. This illustrates the relation¬ 
ship between the two means and the partial effects of the 
inverse scaling procedure. 
Data handling. The numerical representations assigned 
to ordered adjectives does not meaningfully represent the 
exact magnitude of differentiation among data points. The 
inverse scaling factor, being non-metric, renders the ranked 
data ordinally, not intervally scaled. In an attempt to re¬ 
flect data distributions more accurately, the ordinally 
scaled data is translated into standard score units, and 
then into sten values. 
Standard scores. Standard scores, based on deviation 
from the mean of a composite profile, represent the location 
of an observation relative to the set of data to which it 
belongs. Due to the loss of some information from rounding 
to standard units, standard scores are not fully descriptive 
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of the original data array. The following formula is em¬ 
ployed for the calculation of standard scores (often referred 
to as z-scores): 
Where y is the mean value for a given set of data to which x 
belongs, and a is the standard deviation of the mean. Hence 
standard scores deal in standard deviations above or below 
the mean. There is a standard score calculation needed for 
all source trait elements and players in the sample. Stan¬ 
dard scores are transferred into stens for the purpose of 
analyzing individual player profiles to a group (ideal) com¬ 
posite . 
Sten values. One specific type of standard score is a 
sten. A sten, measured on a ten point scale, translates 
standard scores into more meaningful statistics for addition 
al considerations. The central point of the sten scale is 
found at the mean of the raw scores. The sten value is an 
integer, not a decimal fraction, and is used to classify 
significant differentiations of standard scores. Table 3 
illustrates the relationship of the mean and median of the 
raw scores to standard unit scores and sten values. A sten 
value has the size of one-half sigma (half a standard devi¬ 
ation) and represents observations departing from central 
values. Note that the mean value has a standard score of 
zero and a sten of five point five. If the data does not 
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TABLE 3 
RELATIONSHIP OF STANDARD SCORES 
TO STEN VALUES * 
Standard Score Sten 
less than -2.01 1 
-2.00 to -1.51 2 
-1.50 to -1.01 3 
-1.00 to - .51 4 
- .50 to .00 5 
0.00 . 5.50 
.00 to ♦ .50 6 
♦ .51 to +1.00 7 
+1.01 to +1.50 8 
+1.51 to +2.00 9 
greater than +2.01 10 
‘Adapted from Raymond 3. Cattell and Mary D.L. Cattell, 
Handbook for the Jr-Sr Hiah School Personality Question¬ 
naire (Champaign, Ill.)(1969), Institute for Personality 
and Ability Testing. 
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conform to the normal distribution then the median is sub¬ 
stituted for the mean at a standard score of zero and a sten 
of five point five. 
Distance measurement. The ideal composite means, lo¬ 
cated at a value of 5.50 on the sten scale, serve as the 
base from which profile similarities are calculated. By 
definition, the mean or median of the ideal composite is set 
at the midpoint of the sten scale which, graphically, becomes 
a horizontal line on a profile comparison diagram. The de¬ 
rived stens, on a player basis, for all source trait ele¬ 
ments, are measured from this mean line as an index of dis¬ 
persion. The successive differences, in stens, across all 
elements are squared and summed to yield the distance func¬ 
tion D. D is defined as: 
2 
= Z(d.-d .) 
! i 3 
(6) D = ZD 
are inversely scaled sten values for the same elements. 
Profile similarity coefficient, r^. The incorporation 
of the distance measure and a coefficient of correlation will 
be crucial in supplying a profile similarity index for input 
to the second stage of the model. The coefficient of simi- 
1 
2 2 2 2 
8X - 1DV8X + ZD^ 
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2 
Where X is the expectation of the difference between scaled 
sten values (i.e. the median chi-square value for the k de- 
2 
grees of freedom), and ZD is the distance function de¬ 
scribed above. The r value summarizes the sten profile 
P 
proximity of any player to the ideal and serves as the input 
variable for the prediction of player performance. The co¬ 
efficient r is similar to the standard correlation coeffi¬ 
cient (r) in that it varies from values of +1.00 to -1.00, 
corresponding to the degree of responsiveness between var¬ 
iables being analyzed. Here, also, a coefficient of +1.00 
is for perfect agreement, zero if for random correlation, 
and -1.00 is for two mutually inverted, maximally different 
profiles. The r^ coefficient is derived from subjective 
evaluations and is used as the clinical input in the sequen¬ 
tial modelling. 
II. Stage Two 
Input variables. The r^'s, profile similarity coeffi¬ 
cients, determined in the preliminary phase of the model are 
statistically combined with historical performance data. The 
critical measurement criteria are identified and collected 
over a pre-specified player life interval. The independent 
variables selection is wholly determined by the performance 
standards and playing characteristics specific to the sport 
under investigation. The criterion variables are employed 
as predictors of forecasted data points. The clinically de¬ 
rived r statistic is tested for predictive significance and 
P 
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a goodness of fit analysis performed. 
Player life cycle. Similar in shape to a basic learn¬ 
ing curve, a player's life cycle can be thought of simply as 
a three-phase contour. The initial development period is an 
increasing function of knowledge, exposure, and improvement 
in skill abilities, over time. The peak output stage is in¬ 
termediary and characterizes the maximum playing ability dur¬ 
ing the life cycle. The final portion of the curve is norm¬ 
ally a slowly declining function of diminishing abilities 
with a stabilized rate of retention, over time. Since the 
objective of this second stage of the model is to predict 
future performance, the concept of a player life cycle is im¬ 
portant. 
Lagged variable regression. Due to the time series 
characteristics of the historical data, a standard regres¬ 
sion model fails to predict the desired vector of performance 
information. The lagged effects of criterion variables, in 
any given time period, upon a prediction equation can be de¬ 
lineated in a distributed lag model. 
A broad mathematical description of the distributed lag 
2 
model is: 
oo 
(8) Y. = a + Z 0.x . + 03 
z i=0 
Where is the lagged dependent variable at time t, 3^ is 
the set of lag coefficients for the x^__^ independent vari¬ 
ables from time t-i to infinity, a is a constant, and 0)^_ is 
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an error term. 
Application of the general model to a large number of 
time periods has detrimental effects on estimation proper¬ 
ties. The lag index (i) becomes greater than the number of 
observations and the estimation capabilities diminish due to 
3 
the degree of collinearity among lagged variables. 
Constraints need to be administered to the lag coeffi¬ 
cients, given the concept of a player life cycle, and a 
weighting scheme devised. Assuming that Y is a function of 
earlier time sequences yields: 
(9) Yt = 
t-2' t-3'* * *' Y. n) t-n 
for some finite horizon. 
■ ■% 
Hence, the distributed lag of Y is dependent upon tech¬ 
nical skills acquired in previous time periods and weights 
should not be equally applied to all time periods. A ser¬ 
ies of geometrically decreasing weights (X) is a proposed 
scheme for reflecting learning and recentcy. These weights 
are linear transformations of the general distributed lag 
equation. Providing the x .'s have independent, predeter- 
b 1 
mined values, the estimates will be unbiased and exist re- 
4 
gardless of auto-correlation. 
The final form of the model becomes: 
(10) Y = a+ 3xt_1 + 9xt_2 + Yxt_3 r••• r + w 
Where the lag coefficients are geometrically decreasing as 
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determined by a linear transformation of the lag model. 
Rp Adjustment quotient. The lagged estimate of 
can be gotten purely from historical data using the dis¬ 
tributed lag variables as regressors. In order to get more 
accurate estimates a unique variable, is contrived. 
This variable is the modified prediction of Y ^ based on 
the existence of the r coefficient. Due to its relation- 
P 
ship with the distributed lag model, the modification 
allows for additional knowledge of the expectation. The 
modification function is: 
(11) Za,t+1 " Ya,t+1 + (1-°°-rp(k)) (VY.,t> 
Where a depicts the performance variable, r is the re¬ 
spective profile coefficient for the k-th player, and I is 
the ideal player performance in the performance variable a. 
Variables undesireable in nature (i.e. interceptions, 
fumbles, errors, losses, etc.) require a slightly different 
modification quotient. This modifying factor being: 
<12> Z'a,t+1 = Ya,t+1 + '1-°°-rp(k))'Ya,t-Ia) 
The application of the modified quotient will produce an 
adjusted prediction of performance to historical data. The 
principles of curve fitting and the delineation of trend 
lines further supports the need for this modification. De¬ 
pendent upon the stage in the player life cycle, the pre¬ 
scribed adjustment may deserve an additional refinement. 
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Validation. A test for goodness of fit will be per¬ 
formed on both the purely statistically based lagged esti¬ 
mates, and the modified quotient estimates. The observed 
behavior of a player in a performance area will designate 
contingency cells. The difference or variance between the 
predicted performance parameters and the observed are com¬ 
pared in a chi-square analysis. The chi-square formula em¬ 
ployed is : 
(13) X2 Z . 
J ej 
2 
Where f . is the expected performance of the j-th variable 
® 3 
and fQj is the observed performance in the j-th cell. The 
chi-square test is administered to each player performance 
vector and the results tested for statistical significance. 
The hypothesis is tested and a summary statement of con¬ 
clusions formulated. 
Summary of Model 
The mechanical synthesis model is a sequential output- 
input employing both clinically and actuarially derived data. 
The performance predictions of the model are based on a sta¬ 
tistical combination of the preliminary output, the profile 
similarity coefficients r , and the input of historical 
data. The profile similarity coefficients are employed as 
modifying quotients of distributed lag variable regressions 
47 
and the expectations of performance are tested against ob¬ 
served data. 
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David S. Huang, Regression and Econometric Methods, 
John Wiley & Sons, Inc., New York, 1970, p. 181. 
^Ibid., p. 
^Ibid. 
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CHAPTER IV 
APPLICATION AND TESTING 
To test the capabilities of the mechanical synthesis 
model to the athletic area, professional football was se¬ 
lected as the industry for investigation. The National 
Football League (NFL) was receptive to this research project 
and supplied much of the required information for testing. 
The player position of quarterback was analyzed, and ex¬ 
perts on both the collegiate and professional levels were 
surveyed for the remainder of the input data. 
Procedure 
An adjective word sort questionnaire was constructed, 
based on NFL scouting report forms, and official NFL pub¬ 
lished accountings. The questionnaire was distributed to 
NFL coaches. New England collegiate football coaches, and 
sportswriters. The respondents rank ordered the adjective 
word sort cards from most to least descriptive for each 
player, and performed an overall performance ranking of the 
players in the sample set. Following the collection and 
coding of data for the first stage of the sequential model, 
standard scores, sten values, distance measurements, and 
the coefficient of profile similarity were calculated for 
each player. Past performance data for all players was pro¬ 
vided by the NFL and the expectations of performance were 
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generated in the final stages of the modelling procedure. 
These expectations were compared with observed data from the 
1973 playing season and the hypothesis testing concluded the 
application. 
Sample 
Ten professional quarterbacks, of the NFL, were random¬ 
ly selected and composed the player set. The players were 
all veterans of at least two seasons, while one had fifteen 
years' experience. All players had very successful colle¬ 
giate careers and the average pro player life was six sea¬ 
sons. Of the sample players, six were drafted in the first 
round, one in the second round, and three in the tenth round 
of their respective rookie year. It is assumed that given 
their backgrounds and experiences, all players had suffi¬ 
cient exposure for adequate appraisal throughout the study. 
Word Sort Questionnaire 
Selection of word groupings (i.e. variables) indicative 
of success in the quarterback position was made from NFL 
scouting reports and correspondence with the NFL headquarters. 
Dominant player characteristics identified as important for 
success are listed in Table 4. The word group headings are 
labelled to for later analysis. Four descriptive ad¬ 
jectives for each word grouping were assigned based on news¬ 
paper and magazine accountings of successful performance in 
league games. Table 5 separates these scource trait elements 
according to their assignment to word groupings, where 
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TABLE 4 
SELECTED WORD GROUPINGS 
Var. Word Group Headings 
Courage/Spirit for the Game 
Ability to Operate Under Pressure 
Play Calling Ability 
Ability to Formulate Effective Game Strategy 
Leadership Qualities 
Mastering of Skill Levels 
Specific Technical Abilities in Skill Areas 
through correspond to the symbols of Table 4. 
These elements were randomly divided, one selected from 
each group, each round. This selection generated four adjec¬ 
tive word sort packs (envelopes), each giving equal repre¬ 
sentation to all word groupings. The words were printed on 
individual cards and placed alphabetically into the packs. 
This gave uniformity to the sorting process, as all elements 
maintained the identical starting position throughout this 
phase of the test. (See Table 6 for envelope assignments.) 
The combination of these four adjective word sort packs 
into player packs completed the data gathering instrument 
development. There was one player pack for each of the ten 
players, and one player pack for the evaluation of an ideal 
player in each questionnaire. 
TABLE 5 
SELECTED WORD SORT ADJECTIVES 
V1 
aggressive 
courageous' 
daring 
spirited 
V2 
composed 
determined 
poised 
reliable 
v3 
competent 
methodical 
quick-thinking 
tactful 
V4 
analytical 
anticipative 
foresighted 
s trategist 
V5 
director 
inspirational 
leader 
motivator 
V6 
deliberate 
effective 
fluent 
manueverability 
V7 
accurate 
fast 
passer 
runner 
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Analysis of Data 
Evaluation of Word Sort 
The twenty-eight selected adjectives employed by the 
data gathering instrument were analyzed for appropriateness 
and consistency. The words were divided into four sort packs 
(see Table 6), and an average ranking of elements, by enve¬ 
lope, was calculated. Table 7 presents the average rankings 
for the ideal player composite (a summation of ideal pro¬ 
files) by word sort pack, and Table 9 presents similar data 
for the players' composite. The adjectives are listed in 
descending rank order, and the symbol "V" corresponds to the 
labelling of Table 4. Since an inverse scaling factor was 
employed, the larger the mean rank value, the more descrip¬ 
tive of the player. There are only six words in identical 
ranked location in both composites, however, most adjectives 
are consistent in proximity between composites. The one ex¬ 
ception to overall consistency is the word group represented 
by Vg. There is a large dispersion of ranked location both 
within and between composites. 
The word groupings were analyzed and Tables 8 and 10 
present the ideal and players' composites, respectively. 
The word grouping, mean ranking for the group, standard de¬ 
viation, and rank of the averages are given. The ranges of 
the rankings and the standard deviations, in most cases, are 
not statistically significant. The larger deviations found 
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TABLE 6 
ADJECTIVE WORD SORT PACKS 
BY ENVELOPES 
Envelope One: Envelope Two: 
No. Word No. Word 
1 Courageous 1 Spirited 
2 Reliable 2 Composed 
3 Methodical 3 Tactful 
4 Strategist 4 Foresighted 
5 Motivator 5 Director 
6 Manueverability 6 Effective 
7 Passer 7 Fast 
Envelope Three: Envelope Four: 
Word No. Word 
1 Aggressive 1 Daring 
2 Determined 2 Poised 
3 Competent 3 Quick-Thinking 
4 Anticipative 4 Analytical 
5 Leader 5 Inspirational 
6 Deliberate 6 Fluent 
7 Accurate 7 Runner 
for Vg are significant and may be partially explained by an 
evaluation of the individual adjectives selected for conno¬ 
tating the word group heading, "Mastering of Skill Levels." 
Fluent, deliberate, manueverability, and effective were the 
adjectives selected and their sporatic rankings provide 
little reliability of choice or consistency. 
A comparison of standard deviations by word groupings 
for both composites is given in Table 11. The size of the 
deviations, relative to the respective composite, appear to 
be similar. Most word groups have a small standard devia¬ 
tion indicating a high level of consistency throughout the 
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TABLE 7 
AVERAGE RANKINGS FOR IDEAL COMPOSITE 
BY WORD SORT ENVELOPES 
Envelope One: Envelope Two: 
V Word Avg. V Word Avg. 
2 reliable 5.1333 6 effective 6.4000 
7 passer 4.8666 5 director 5.0666 
5 motivator 4.6666 2 composed 4.9333 
1 courageous 4.1333 7 fast 3.3333 
6 manueverability 3.9333 4 foresighted 3.0000 
4 strategist 3.4666 1 spirited 2.6000 
3 methodical 1.8000 3 tactful 2.0666 
Envelope Three: Envelope Four: 
V Word Avg. V Word Avg. 
5 leader 6.2000 2 poised 6.1333 
3 competent 5.0666 3 quick-thinking 5.1333 
2 determined 4.4666 5 inspirational 4.4000 
7 accurate 4.2000 4 analytical 3.9333 
1 aggressive 4.1333 7 runner 3.4000 
4 anticipative 2.7333 1 daring 3.3333 
6 deliberate 1.3333 6 fluent 2.2000 
TABLE 8 
AVERAGE RANKINGS FOR IDEAL COMPOSITE 
BY WORD GROUPINGS 
Var. Avg. Std.Dev. Rank 
2 5.1663 . 7026 1 
5 5.0830 . 7925 2 
7 3.7998 . 7474 3 
1 3.5498 . 7371 4 
3 3.5163 1.8317 5 
6 3.4665 2.2345 6 
4 3.2833 . 5288 7 
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TABLE 9 
AVERAGE RANKINGS ACROSS ALL PLAYERS 
BY WORD SORT ENVELOPES 
V 
Envelope One: 
Word Avg. 
1 courageous 4.9596 
7 passer 4.8063 
6 manueverability 4.7997 
2 reliable 4.3196 
4 strategist 3.4263 
3 methodical 3.2463 
5 motivator 3.1129 
V 
Envelope Three: 
Word Avg. 
2 determined 4.8864 
5 leader 4.8796 
3 competent 4.5063 
1 aggressive 3.9330 
7 accurate 3.8597 
4 anticipative 2.9532 
6 deliberate 2.9330 
V 
Envelope Two: 
Word Avg. 
2 composed 4.6121 
6 effective 4.3396 
5 director 4.0324 
1 spirited 3.4799 
7 fast 3.0998 
3 tactful 2.9664 
4 foresighted 2.7064 
V 
Envelope Four: 
Word . . Avg. 
2 poised 4.5864 
3 quick-thinking 4.1531 
1 daring 3.7198 
7 runner 3.3662 
5 inspirational 5.3263 
4 analytical 3.1863 
6 fluent 2.7664 
TABLE 10 
AVERAGE RANKINGS ACROSS ALL PLAYERS 
BY WORD GROUPINGS 
Var. Avg. 5td.Dev. Rank 
2 4.6011 .2316 1 
1 4.0231 .6512 2 
5 3.8578 . 7980 3 
7 3.7830 .7513 4 
3 3.7180 . 7299 5 
6 3.7097 1.0129 6 
4 3.0680 .3089 7 
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TABLE 11 
COMPARISON OF STANDARD DEVIATIONS 
BY WORD GROUPS 
Var. Ideal Size Player Size 
vi . 7371 3 .6512 3 
V2 
. 7026 2 .2316 1 
v3 1.8317 6 .7299 4 
V4 
.5288 1 .3089 2 
V5 
. 7925 5 . 7980 6 
v6 2.2345 7 
1.0129 7 
V7 
. 7474 4 .7513 5 
test. (Refer to Appendix A for sten profiles of individual 
players by variable groupings). 
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TABLE 12 
AVERAGE RANKINGS FOR PLAYERS 
Player 
No. 
Average 
Rank 
Range Std.Dev. 
of Rank 
1 1.200 1-2 .4140 
2 2.333 1-6 1.2900 
3 3.733 3-5 . 8464 
4 3.866 2-8 1.8847 
5 5.333 4-7 1.0857 
6 5.866 3-8 1.7962 
7 7.400 5-10 1.3522 
8 7.466 4-10 1.6842 
9 8.400 5-10 1.4541 
10 9.400 6-10 1.1212 
Player Rankings 
A rank ordering of players in the sample set was made 
by each respondent. The respondent performed this overall 
ranking according to any criterion elected. These rankings 
were collected and Table 12 depicts player rankings, range 
of ordered position, and the standard deviation of the 
average ranking. The ranges of the rankings are small and 
the distribution somewhat symmetrical. The top three, 
middle three, and bottom four players are well defined, and 
there is strong agreement, as to placement, across all re¬ 
spondents . 
Raw Data Profiles 
The average rankings for all source trait elements were 
calculated for each player and the ideal. These averages 
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TABLE 13 
PATTERN SIMILARITIES OF PROFILES 
ON A COMPOSITE BASIS 
Pn I 
1 2 3 4 5 6 7 8 9 10 
1 4 3 2 1 4 5 1 2 1 1 1 
2 1 2 3 4 2 1 4 4 3 5 2 
7 5 7 7 6 3 5 3 7 6 4 
4 6 7 6 5 3 4 6 5 5 7 6 
>5 3 6 5 6 5 6 7 7 4 4 7 
tg 6 5 4 1 2 7 7 3 6 6 3 3 
7 2 1 4 3 1 2 2 1 2 2 5 
1 6 5 5 4- 5 6 5 4 3 1 1 
2 3 2 3 3 3 1 1 1 1 2 2 
oj 3 7 4 6 6 6 4 7 7 5 6 4 
.4 4 6 7 7 4 5 6 5 6 7 6 
>5 2 3 4 5 1 2 3 3 2 5 3 
w 6 1 1 1 2 2 3 2 2 4 4 5 
7 5 7 2 1 7 7 4 6 7 3 7 
1 5 5 4 2 7 7 5 2 4 2 3 
2 3 4 2 3 4 3 2 1 1 1 1 
^ 3 2 2 3 4 2 2 1 3 5 4 5 
.4 6 6 6 6 5 6 6 7 6 6 7 
1 1 1 1 1 1 3 5 2 3 4 
w 6 7 7 7 7 6 5 7 6 7 5 2 
7 4 3 5 5 3 4 4 4 3 7 6 
1 6 7 2 2 5 6 4 2 ' 3 2 3 
2 1 1 3 4 1 1 1 1 1 4 1 
^3 2 2 5 3 2 3 2 3 2 3 2 
•4 4 4 6 7 3 2 6 ' 6 5 7 4 
a5 3 3 4 5 4 4 5 7 4 6 6 
w 6 7 6 7 6 6 5 7 4 6 5 7 
7 5 5 1 1 7 7 3 5 7 1 5 
in 
■M 
£ 
<D 
6 
<D 
rH 
w 
+-> 
•H 
5-t 
E-* 
<D 
U 
U 
3 
o 
CO 
Note: These profiles are based on raw data only. 
(Refer to Table 6 for element notation.) 
TABLE 14 
PROFILE COMPARISON OF IDEAL 
AND PLAYERS’ COMPOSITE 
Note: These profiles are based on 
raw data only. 
(Refer to Table 6 for element 
notation.) 
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were then ranked with respect to sort packs (i.e. rankings 
of 1 to 7) and form the raw data matrix found in Table 13. 
The source trait elements, by envelope, are listed in the 
left hand column, and the players are listed across the top 
of the matrix. The letter "I" depicts the ideal vector, and 
the player numbers correspond to the code number assignments 
in Table 12. 
The raw data was also compiled on an overall basis and 
an analysis of the ideal and players' composite, is shown 
mathematically in Table 14, and graphically in Figure 1. In 
Table 14 the differences between the ideal and the players' 
composite are squared and summed by word sort pack. 
Sten Profiles 
The construction of sten profiles is based upon an ideal, 
or standard, from which distance is to be measured. The de¬ 
velopment of an ideal, technically perfect player, is the 
composite from which such a distance measurement can best be 
made. The basic calculation depends on first generating 
standard scores, dependent on standard deviation units. The 
mean and standard deviations for source trait elements are 
displayed in Table 15. 
Standard scores for all elements and all players were 
found and translated to sten values (in conjunction with 
Table 3). Table 16 presents the player profile sten values 
for the source trait elements. The envelope elements are 
numbered sequentially 1-28. Because the raw data was ordin- 
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TABLE 15 
MEAN AND STANDARD DEVIATION OF SOURCE 
TRAIT ELEMENTS FOR IDEAL COMPOSITE 
Trait Mean Std.Dev. 
1 4.133 2.232 
2 5.133 1.552 
3 1.800 1.146 
4 3.466 1.592 
5 4.666 2.126 
6 3.933 1.533 
7 4.866 1.922 
8 2.600 1.298 
9 4.933 1.450 
10 2.066 1.350 
11 3.333 1.496 
12 5.066 1.597 
13 6.400 1.056 
14 3.333 1.799 
15 4.133 2.030 
16 4.466 .86 7 
17 5.066 1.661 
18 2.733 1.139 
19 6.200 1.394 
20 1.333 .612 
21 4.200 1.547 
22 3.333 1.939 
23 6.133 1.170 
24 5.133 1.059 
25 3.933 1.944 
26 4.400 1.765 
27 2.200 1.193 
28 3.400 1.920 
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Players: 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
TABLE 16 
PLAYER COMPOSITE STEN VALUES FOR 
SOURCE TRAIT ELEMENTS 
123456789 
6 7 7 5.5 
5 5 4 6 
8 6 6 7 
5 4 5 8 
4 4 4 4 
5 8 8 3 
6 5 5 6 
6 7 8 6 
6 5 5 6 
7 6 6 7 
5 4 4 6 
5 4 4 7 
5 4 3 4 
5 8 9 3 
5 6 7 4 
4 7 7 5 
6 5 5 6 
5 5 6 6 
5 5 5 5 
8 7 6 10 
6 5.5 4 6 
5 7 7 5 
5 2 2 6 
6 4 4 6 
5 4 4 7 
5 5 4 5 
7 5.5 6 6 
5 8 9 3 
7 7 6 6 
4 4 4 3 
8 7 10 8 
5 5 6 5 
4 4 4 5 
7 5 4 6 
6 6 6 5 
7 8 8 9 
7 6 6 5 
6 8 7 8 
5 5.5 6 5 
4 5 4 4 
3 12 1 
6 5 5.5 7 
4 5 6 7 
6 7 8 8 
5 4 4 3 
5 7 6 5 
3 3 2 2 
10 10 10 10 
6 5 5 4 
6 7 7 7 
5 4 4 2 
5 5 4 4 
4 5.5 5 4 
4 5 4 4 
7 8 8 7 
7 4 6 8 
5 
5 
10 
7 
4 
3 
5.5 
5.5 
7 
8 
6 
6 
3 
4 
4 
4 
6 
7 
4 
10 
5 
6 
4 
4 
7 
5 
8 
4 
10 
7 
4 
9 
5 
4 
5 
4 
9 
5 
8 
6 
4 
1 
5 
6 
8 
4 
6 
? 
Aw 
10 
5 
6 
4 
5 
5 
4 
7 
6 
65 
ally scaled and not intervally scaled as the sten values are, 
the diagramming of the raw data is not as meaningful. Fig¬ 
ures 2 through 11 depict the individual player sten profiles 
as drawn on a sten chart. The dotted line is the sten line 
(falling at 5.50 by definition) and representing the ideal 
configuration. 
The sten units are located on the vertical axis and the 
elements are found on the horizontal axis (refer to Table 6 
for element notation). Any deviations from the sten line 
are variances from the ideal. The different configurations 
for player one versus player ten, for example, illustrate 
the closeness of or distance from the ideal, respectively. 
Composite Sten Profile 
The composite of all the sten values across all twenty- 
eight elements is summarized and graphically illustrated in 
Figure 12. The figure depicts the degree of similarity the 
composite of all ten sample players has to the ideal player. 
Coefficients of Similarity 
The r x values for all players were calculated and 
p (k) 
are presented in Table 17. The rankings of players by the 
respondents'eevaluations was responsible for the player cod¬ 
ing order. The sum of the distances from the sten line were 
squared and led to the differentiation of r^ values across 
the sample. The sten rank of the players was employed in 
the calculation of a Spearman rank order correlation coeffi¬ 
cient. In Table 17 the rank order correlation coefficient 
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TABLE 17 
PLAYER COMPOSITE PROFILE PATTERN 
SIMILARITY ANALYSIS 
Player ED2 r 
1 27.00 
2 60.50 
3 85.00 
4 64.80 
5 94.50 
6 69.00 
7 90.50 
8 108.75 
9 137.25 
10 113.00 
(using stens) Rank 
.7802 1 
.5666 2 
.4403 5 
.5432 3 
.3966 7 
.5204 4 
.4147 6 
.3358 8 
.2289 10 
.3187 9 
Spearman Rank Order Correlation Coefficient 
6X D2 
r = 1.00 - -~- 
s n (n2 -1) 
= 1.00 - 
96 
10 (99) 
= 1.00-.10 
90 
78 
calculation is given. The high degree of correlation between 
player rankings and r indicates a high degree of collinearity 
P 
in evaluative processes. 
Analysis of Sten Word Groupings 
Analysis of the profile figures illustrates that some 
of the selected adjectives distorted variances enough to 
effect significant changes in the r^ values. Tables 18-24 
present a unique set of data displays. In each of the re¬ 
spective seven tables, the word groupings employed in the 
application are broken down into adjective profiles. The 
sten values for all players is given for each adjective and 
explains much of the distortion in earlier profiles. Table 
23, for example, depicts word group six which has a signifi¬ 
cant variance when the raw data composites were anlayzed. 
A study of the sten values directly accounts for these sig¬ 
nificant differences. 
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TABLE 18 
PLAYERS' COMPOSITE STEN PROFILE 
ANALYSIS BY WORD GROUP V, . 
Source Trait Element 
COURAGEOUS 
10. 
9. 
8. 
3. 
2  
1  
1 2 3 4 5 6 7 “S'”'9 i'0' 
PLAYERS 
Source Trait Element: 
SPIRITED 
10.. 
3. 
2.  
1. . . 
• 1 2 3 3 S 5 7 8 5 ITT 
PLAYERS 
Source Trait Element: 
AGGRESSIVE 
9 
8 
3. 
2. 
1  
1 2 3 3 S 5 7 8 5 
PLAYERS 
Source Trait Element: 
DARING 
10. 
9. 
8  
3. 
2. 
. 1. 
1 2 3 3 3 5 7 8 5 T7 
PLAYERS 
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TABLE 19 
* . PLAYERS' COMPOSITE STEN PROFILE 
ANALYSIS BY WORD GROUP 
V2 • 
Source Trait Element: Source Trait Element: 
RELIABLE COMPOSED 
10. 10. 
9 
8 
7 
1. 
T~2 3 l 5 5 7 3 5 To 
PLAYERS 
Source Trait Element: 
DETERMINED 
9 
8 
3. 
2.  
1. . . 
• “1 2 3 3 S 5 7 5 5 nr 
PLAYERS 
Source Trait Element: 
POISED 
10.. 
9. 
8  
7. 
81 
TABLE 20 
PLAYERS' COMPOSITE STEM PROFILE 
ANALYSIS BY WORD GROUP 
Source Trait Element: 
METHODICAL 
Source Trait Element: 
COMPETENT 
10. .. 
9. 
&....... 
7. . . . . 
1. 
“I 2 3 3 5 5 7 5 9 IU 
PLAYERS 
Source Trait Element: 
TACTFUL 
10. 
9. 
3.. 
2  
1. . . 
“I 2 3 3 S 6 7 2 9 IU 
PLAYERS 
Source Trait Element: 
QUICK-THINKING 
10. 
9. 
8  
7.. 
2. 
1  
"1 2 3 3 S 5 7 S 9 IU 
PLAYERS 
S
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Source Trait Element 
STRATEGIST 
TABLE 21 
PLAYERS' COMPOSITE STEN PROFILE 
ANALYSIS BY WORD GROUP 
V4 ' 
: Source Trait Element: 
FORESIGHTED 
PLAYERS 
10 
Source Trait Element: 
ANTICIPATIVE 
PLAYERS 
Source Trait Element: 
ANALYTICAL 
10. 
9. 
8  
2. 
1  
“I 2 3 5 S 5 7 S 5 Iff 
PLAYERS 
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TABLE 22 
PLAYERS’ COMPOSITE STEM PROFILE 
ANALYSIS BY WORD GROUP 
Source Trait Element: 
MOTIVATOR 
Source Trait Element: 
DIRECTOR 
10 
9 
8 
7 
5: : : : 
*. 
3. 
2  
1. 
1 2 3 1 S £ 
PLAYERS 
3 5 re¬ 
source Trait Element: 
LEADER 
Source Trait Element: 
INSPIRATIONAL 
10. 
9. 
8  
7.. 
• 6. 
3. 
2. 
1. 
~I 2 3 3 S 5 7 S 9 nr 
PLAYERS 
84 
TABLE 23 
PLAYERS’ COMPOSITE STEN PROFILE 
ANALYSIS BY WORD GROUP 
Source Trait Element: 
MANUEVERABILITY 
Source Trait Element: 
EFFECTIVE 
10. 
9. 
8  
7. 
**6. 
PLAYERS 
Source Trait Element: 
DELIBERATE 
3. 
2. 
1 . 
“I 2 3 3 5 5 7 5 9 ITT 
PLAYERS 
Source Trait Element: 
FLUENT 
10. 
9. 
3. 
2. 
*. 1  
”1 2 3 3 l 5 7 S“9 lG 
PLAYERS 
85 
TABLE 2 4 
PLAYERS' COMPOSITE STEM PROFILE 
ANALYSIS BY WORD GROUP 
V7 
Source Trait Element: Source Trait Element: 
PASSER FAST 
Source Trait Element: 
ACCURATE 
Source Trait Element: 
RUNNER 
PLAYERS 
86 
Player Lifes 
In an attempt to predict future period performance, as 
a function of previous years' play, NFL data was captured 
and coded. The NFL supplied, in some cases, extenuating cir¬ 
cumstances explaining exceptional performance in a given 
playing season. Most sample players were not long term 
veterans (five years or more) and one player had endured 
only two seasons. The average player life for this sample 
was 6.6 years with one player having a lengthy career in the 
Canadian Football League (CFL). A comparison of the number of 
TABLE 25 
EXPERIENCE RANKINGS 
Player Years in League Ranking 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
7 
5 
6 
17 
13 
4 
5 
4 
2 
3 
* 
3 
6.5 
4 
1 
2 
5 
6.5 
8 
10 
9 
Seven additional pro years in CFL. 
87 
NFL playing seasons and the average rankings of players 
(see Table 12) is presented in Table 25. Note that the 
highest ranked players are close to the average life and 
are probably approaching their peak performance levels, 
while the lower ranked players are the least experienced. 
A comparison of the rank of years in the league, and the 
overall player rankings has a Spearman rank order correla¬ 
tion coefficient of .719. 
Measured Performance 
Given the performance profiles of past seasons, an 
NFL scoring system^ was employed for the calculation of 
player performance scores. Since the scoring system of 
the NFL is wholly dependent on percentage figures, much 
of the magnitude in performance are discarded. Performance 
statistics are assigned weighted scores, dependent upon the 
area of performance being rated, and then totalled for a 
player's score. Table 26 contains the respective point 
totals, player scores, and rankings of all sample players. 
A comparison of the rank of performance scores and the over¬ 
all player rankings has a Spearman rank order correlation 
coefficient of .467. 
Player Rank Order Correlations 
Four different ranking criteria have bpen presented in 
this chapter and a recapitulation and intercorrelation of 
these schemes is presented in Table 27. The highest corre¬ 
lation is derived when the two subjectively based rankings 
88 
are compared. This result is to be expected as the assess¬ 
ments came from similar sources. The strong correlation 
between the exposure of players and their subjective rank¬ 
ings is again something to be anticipated. The surprising¬ 
ly low correlation between overall ranking and measured 
ranking can be explained by the lack of similarity in the 
criterion employed. Overall ranking being subjective and 
dependent on exposure and image, while measured ranking is 
objective and relates only to what transpires on the field. 
The weak correlation between measured rank and experience 
TABLE 26 
NFL PASS RATING SYSTEM EVALUATIONS* 
Player Points Scores Rank 
1 5.455 90.92 2 
2 5.678 94.63 1 
3 4.318 71.97 7 
4 4.380 73.00 6 
5 4.478 74.63 5 
6 2.963 49.38 10 
7 4.608 76.80 4 
8 3.780 63.00 9 
9 5.253 87.55 3 
10 4.025 67.08 8 
* 
All calculations based on 
NFL Pass Rating System 
89 
Player 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
TABLE 27 
RANK ORDER CORRELATIONS 
CD 
Overall 
Ranking 
C2) 
Profile 
Ranking 
(3) 
Measured 
Ranking 
(4) 
Experie 
Ranking 
1 1 2 3 
2 2 1 6.5 
3 5 7 4 
4 3 6 1 
5 7 5 2 
6 4 10 5 
7 6 4 6.5 
8 8 9 8 
9 10 3 10 
10 9 8 9 
Rank Order Calculati 
rs 1,2 
rs 1,4 
rs 2,4 
rs 1,3 
rs 2,3 
rs 3,4 
.900 
.719 
.664 
.467 
.333 
.204 
ons : 
90 
rank supports the idea that performance is not a function of 
real time, but rather life cycle development. 
Performance Prediction 
Past performance data was sought for the previous five 
seasons for all players. Those players not having five 
playing seasons were given either collegiate composites, 
with suggested adjustments, or other professional league 
data. Due to injury and the possible lack of consistent 
recording methodologies many modifications had to be made 
prior to the implementation of the raw data. A player who 
had played in less than one-half of a season's games, had 
that particular year's data discarded and the preceding 
period took its place. If a player had played in more than 
one-half the league games, the data was extrapolated, if 
necessary. Since the prediction was based on a delineation 
of trends, it was important to provide accurate data modi¬ 
fications . 
Criterion variables were analyzed individually and pre¬ 
dictions in these areas were produced. Given the player po¬ 
sition of quarterback, the five most important performance 
areas were highlighted. Attempted forward passes, number 
of completed passes thrown, average number of yards gained 
for a completed pass, number of intercepted passes thrown, 
and the number of touchdown passes thrown; served as the 
critical prediction variables. The predictions in these 
variable areas was based on a lagged variable formulation 
91 
using a weighting of coefficient of .50. The weights, geo¬ 
metrically decreasing, summed to 1.00 over the finite his¬ 
torical horizon. The estimates produced, therefore, placed 
higher value on the most recent performance levels. 
Observed data, for all players, for the next season 
(t+1) was compared to the expectations generated using only 
the past performance statistics. A data display, by con¬ 
tingency cells, is given in Table 28. 
The modified quotient for the combining of the r 
and the statistical predictions required ideal specifica¬ 
tions for each criterion variable. The ideal configuration 
employed was adopted from NFL correspondence, and the ratios 
of performance areas were also given. In Table 29 the cells 
corresponding to observed and expected data points based 
on the mechanical synthesis approach are presented. 
Goodness of Fit 
To evaluate the accuracy of the statistical and mechan¬ 
ical synthesis predictions to the observed frequencies, the 
chi-square test was employed. The contingency tables con¬ 
tain the observed frequencies and the respective expecta¬ 
tions (in parenthesis). A chi-square statistic was calcu¬ 
lated for each player and a composite value of summation of 
all chi-square values serves as an index to a goodness of 
fit. The lower the chi-square value, the closer the pre¬ 
dictions to the observed behavior. Table 30 contains the 
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TABLE 30 
COMPARISON OF CHI-SQUARE VALUES 
FOR PREDICTIVE METHODS 
Player Statistical Prediction Synthesis Prediction 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
9.712 
26.573 
18.486 
3.093 
50.380 
8.311 
35.810 
5.113 
16.698 
24.131 
16.115 
7.086 
10.152 
1.715 
12.250 
13.866 
21.940 
13.092 
9.454 
13.853 
2 = 197.767 Z = 119.523 
individual player values and the composite chi-square values. 
The conclusions, based on this chi-square value, support an 
improvement in prediction when the mechanical synthesis 
model was used to modify the regression forecasts. 
Summary 
The model was applied to the professional football area 
for testing. The initial design of the adjective word sort 
questionnaire was specific to the industry and the players 
in the sample were all veterans. Most words were well 
chosen and the transfer of the raw data to standard scores 
and sten values served to classify the data into more mean¬ 
ingful units. The collection of rank ordered player data 
and the compilation of ideal player sorting was essential 
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to the calculation of an ideal composite. The profile sim¬ 
ilarity coefficient of correlation was derived for each 
player in the sample and used in the second stage of the 
model. 
Unique data displays of player profiles, based on sten 
units, and analysis by word groupings provide additional 
insight into the complexity of the situation. The past 
historical data for players was used to generate future per¬ 
formance and these performance estimates were analyzed for 
accuracy. The statistically based estimations were not as 
accurate in predictive ability as was the mechanical syn¬ 
thesis scheme. The mechanical synthesis application to 
football may be evidence of the capabilities of a combina¬ 
tion of clinical and actuarial data for prediction. 
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Footnotes 
A pamphlet supplied by the NFL entitled, "NFL Pass 
Rating System" was employed for the scoring. 
CHAPTER V 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Summary 
The purpose of this study was to determine the effect 
of a mechanical synthesis model on the prediction of player 
performance in professional sports. The model was designed 
so that a sequential combination of two predictive modes was 
possible. The clinically determined input was analyzed and 
a coefficient of profile similarity calculated. Past per¬ 
formance data was employed in a lagged variable regression 
framework to satistically predict performance. Another pre¬ 
diction of performance was made through the construction of 
a modified adjustment quotient using the player similarity 
coefficient determined in the preliminary model stage. 
The subjects were ten randomly selected NFL veteran 
quarterbacks. Past performance data for all players was 
supplied by the NFL headquarters and college and profession¬ 
al coaches furnished the remaining information. Prediction 
in performance areas specific to the quarterback player posi 
tion were made. The variables analyzed were: rumber of 
attempted forward passes, the number of completed passes, 
the average number of yards per completed pass, the number 
of touchdown passes, and the number of intercepted passes. 
Given these forecasts some other interesting performance sta 
tistics can be gotten (i.e. percentage of completed passes, 
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number of yards gained passing, etc.)* 
Critical Evaluation of Model 
The adjective word sort questionnaire, employed in the 
preliminary stage of the model, is an interesting psycho¬ 
metric instrument relating personality attributes to player 
composites. Neither its reliability or validity has been 
conclusively established and this study serves as an illus¬ 
tration of the proposed technique. The profile similarity 
coefficient, derived from the adjective word sort, is a sta¬ 
tistically proven framework and is of significant value in 
application. 
The geometrically decreasing weights applied to the de¬ 
pendent variable lag model effect change in the confidence 
limits for future predictions. This study was concerned only 
with predicting one period in the future and due to the prox¬ 
imity of this estimation to the last performance data point, 
confidence can be assumed somewhat confined. Further test¬ 
ing is required to provide information concerning estimates 
for periods farther in the future. Also, it is theoretically 
possible to perceive limits and parameters specific to indi¬ 
vidual players, and that no true overall player scheme exists. 
Not enough data was available to support conclusive 
findings for the mechanical synthesis model. An expansion 
of the data base may provide an internal correction factor 
superior to the contributions of the modified quotient of 
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rp(k)# lighted regression, or any smoothing technique, in¬ 
herently lags behind actual observations in time and there¬ 
fore requires a corrective adjustment to remove such bias. 
However, the value and direction of such lag depends on the 
time series pattern. Thus, although theoretically known it 
is practically difficult to evaluate under limited data con¬ 
ditions or non-linear trends. For this reason no evaluation 
of the smoothing methods point-by-point bias was made herein. 
This study has shown an improvement in prediction through 
the combination of clinical data with objective data. The 
question remains, dependent on further research, the ascer¬ 
tainment of how much information is added through psycho¬ 
metric techniques versus a statistically based technical cor¬ 
rection, over time. 
Under the limited data editions of the study it appears 
that the r^ value may in part have acted to cancel the bias 
discussed above. Alternate approaches to those appearing in 
the literature have been demonstrated. An improvement to 
predictions from a lagged model was realized and will provide 
an understanding if differences actually do exist between 
technical and clinical inputs. 
Conclusions 
The findings of this study and the conclusions are sub¬ 
ject to the limitations as explained in Chapter I, and above. 
The results are specific to the player sample employed, and 
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to the position of quarterback. The findings support the 
following conclusions: 
1. An adjective word sort questionnaire can be an effec 
tive psychometric instrument for the purposes of relating per 
sonality characteristics to athletic ability. 
2. A profile similarity coefficient can be employed as 
an index of dispersion for all players against an ideal or 
phanthom player composite. 
3. There is a strong correlation between an average 
player ranking and the profile similarity coefficient's cor¬ 
relation with the ideal composite. 
4. There is a small but significant correlation between 
the profile similarity coefficient and a player's past per¬ 
formance and experience. 
5. The mechanical synthesis model for the prediction of 
player performance may be a better predictor than a purely 
statistical model, but this result is inconclusive based on 
the lack of a substantial data base for testing. 
Interpretations 
The findings of this study shed light on the possibility 
of a new technique for the prediction of athletic performance 
Unlike past studies that have concentrated solely on physio¬ 
logical traits, this model combines the personality charac¬ 
teristics of a player with past performance and generates up¬ 
dated performance estimates. The word sort and player sort 
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were necessary for the development of profiles, and the co¬ 
efficients produced, for input into the second stage of the 
model. The statistical combination of both predictive modes 
may be a viable framework for prediction. If potential 
player abilities exceed minimum requirements, then it may be 
some of the intangibles identified in this study that are 
responsible for differentiating player performance. 
Extensions 
Due to the specific characteristics of the players se¬ 
lected for inclusion in this study, several extensions are 
proposed. Since most of the sample players were still in 
their peaking or increasing performance stages, the modify¬ 
ing quotients employed require alteration. The modifying 
factors, based on the ideal composite, presented in Chapter 
III were valid for this analysis because most of the estima¬ 
tions of performance by the lagged variables were underesti¬ 
mated. A relationship between player life cycle and abili¬ 
ties to estimate using a mechanical synthesis model seems 
apparent. 
The model is more accurate in the early player life 
stages as it is a motivational trend adjustment for individ¬ 
uals approaching the ideal. In declining life cycles this 
formulation will overestimate a player's performance. In 
the application of the model the player life cycle was finite 
and the adjustments were for players from different cycle 
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stages. Bias and lags were not necessarily uniform and there¬ 
fore present a need for a tighter framework. 
Bizarre conditions requiring trend corrections can be 
illustrated for those individuals who learn exceptionally 
fast and exceed the ideal. In these cases a model of the 
form: 
(14) 
'a, t+1 ■ Ya,t+1 ± 
(1.00-r 
p(k) ) (I +(Y_ .-Y a,t a,t-l ) ) 
is more suitable. In cases where an individual is physically 
or mentally incapable of attaining the ideal an alternate 
form of the model is offered: 
(15) Z = Ya + (1.00-r ,,.) (I — (Y -Y )) 
a,t+l a,t+l — p(k) a a,t a,t-l 
The plus or minus option in both equations is directly depen¬ 
dent on the nature of the variable being studied. The change 
in the ideal adjustment factor of the equation is dependent 
on the relationship the player has to the ideal. 
Recommendations 
The quantification of an individual's qualities into a 
mathematical equation is an untenable framework for many 
coaches or players to accept. This model should be tested 
over a longer player life horizon and for many other sports 
prior to a firm conclusion concerning the benefits of its 
application. The adjective word sort questionnaire should 
be constructed to contain some negative attributes rather 
than having all honorable qualities listed. A pre-test of 
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the adjectives selected should be performed several times to 
insure a reliability of the words chosen for the analysis. 
There is a need for further research in the area of 
forecasting athletic performance both concerning the human 
characteristics of the players and the statistical qualities 
of the measurement data. Some problems more specifically 
stated might include: 
1. To determine if the model can be applied to other 
player positions for the prediction of performance. 
2. To test the modelling to other sports and to de¬ 
termine if the player attributes of one sport differ from 
the attributes of football. 
3. To test prediction over longer player life cycles 
to determine if significant changes occur during a player's 
career. 
4. To test the predictive capabilities of the model¬ 
ling for the collegiate player recently drafted into the pro¬ 
fessional ranks. To determine what, if any, adjustments or 
changes in performance take place. 
5. The determination of possible differentiations in 
predicting for individual versus team sports. 
6. To determine if the model is applicable to the col¬ 
legiate or scholastic (high school) level of competition. 
7. To test the general model for prediction of produc¬ 
tivity of employees in jobs other than the athletic area. 
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THE PROFESSIONAL FOOTBALL INDUSTRY 
Throughout the past decade no one professional sport 
has attracted so many spectators or talented and capable 
athletes as has professional football. The emergence of 
bigger stadiums, better playing conditions, and the in¬ 
creased improvement in communications media has promoted the 
game far beyond the expectations of players and coaches. 
Football is so popular that it is referred to as the one 
sport with obvious excess demand for its product. Atten¬ 
dance at football games appears to be only constrained by 
the size of the stadiums. Season tickets are sold out months 
in advance. 
Team owners, as an adjustment to this increased popu¬ 
larity, are beginning to view their teams as money making 
enterprises. Professional football is so successful as a 
business that all teams either break-even or make a profit. 
Game receipts and broadcasting contracts are so lucrative 
that they insure teams of their profit potential. 
Professional football players, once thought of as the 
technically disqualified, now occupy a very high social po¬ 
sition. The players are receiving unprecedented salaries 
and bonuses. The average pro player earns twenty-five 
thousand dollars in base salary and an opportunity for sig¬ 
nificant bonuses and increases. The league's pension fund 
serves as an additional incentive for those players who can 
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successfully endure the job for some length of time. 
The somewhat recent merger of the AFL (American Foot¬ 
ball League) and the NFL (National Football League) has 
brought additional success to the overall efficiency and 
promotion of the sport. Teams now share in a common player 
draft and enjoy a greater ability to compete financially. 
The merger has provided the game a more orderly method of 
operation and a better, centralized administration. 
Accompanying the merger, the increased popularity, and 
the increased profitability of the sport are many internal 
developments. The players have become better organized and 
have increased their demands for collective bargaining be¬ 
havior. The team owners have experienced higher operating 
expenses and increased player costs, and have forecasted a 
squeeze on future profits. In an attempt to understand and 
optimize both perspectives, both the teams and the players 
association are beginning to invest in research methods. 
It is with this in mind that the historical accountings of 
the industry are presented in the next section. 
HISTORICAL ACCOUNTINGS 
Attendance 
"Each year the National Football League sets a new 
attendance record. The Atlanta Falcons sold forty-five 
thousand season tickets before they ever fielded a team. 
No professional sport has ever been so popular or grown so 
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quickly."^ In 1965 football team owners were ecstatic be¬ 
cause attendance had tripled over the preceding fifteen 
years. More spectators than ever expected were pouring into 
stadiums to see their favorite teams play. But, when the 
1970 attendance figures were released, they showed a forty- 
seven percent increase over the 1965 figures. "Of all pro¬ 
fessional sports, football is the one most obviously with 
excess demand for its product. In 1970, roughly two-thirds 
of the NFL teams were either sold out or within a few thou¬ 
sand fans per game of selling out. This situation makes es¬ 
timation of the demand for football very difficult, for no 
2 
reliable measure of excess demand is available." Atten¬ 
dance at professional football games has increased so much 
that the only limiting constraints appear to be the capacity 
of the stadiums, and the price of game tickets. 
Media 
Television and radio contributions and promotions have 
been very instrumental both in increasing popularity and 
viewer education, and in insuring the profitability of the 
teams. In addition to the sale of game tickets, team reve¬ 
nues are composed of the broadcasting industry's multi-mil¬ 
lion dollar contract packages. In 1970, the league gained 
as estimated $10-million in additional TV dollars, and con¬ 
tracted a $40-million per year package for each of the sub¬ 
sequent four years. All the income from media coverage is 
placed in a general fund to be divided equally among all 
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teams. Hence, each team receives approximately $1.5 million 
each year from the broadcasting industry, regardless of 
whether their games are televised or not. This has greatly 
insured team profits and has been influential in the develop¬ 
ment of financial equality among teams. 
The Merger 
The AFL and NFL merger discussions began in 1966 and 
culminated in 1970. The primary reason for the merger was 
the increased costs of league operations due to competition 
for talent and sales dollars. Governmental actions opposed 
the merger on grounds of monopolistic formation. This vio¬ 
lation of antitrust laws was one of the major blocks to an 
immediate settlement by league officials. "While the Magnu- 
son bill is a by-product of the rancor and ill-will caused 
when a community is abandoned by a baseball club, the Ervin- 
Cellar bill turns on the fact that the two legislators view 
professional sports as monopolies acting to restrain their 
employees from their right to bargain because of Congress's 
3 
failure to act." This particular opinion of the situation 
was not a universal one. "It is easy to find owners who will 
argue the other side of the question, of course. Jack Kent 
Cooke, owner of the Los Angeles Lakers' basketball team, the 
Los Angeles Kings' hockey team, and a part owner of the 
Washington Redskins, sums up one of the common arguments: 
"If professional sports were not.allowed to merge into anti- 
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trust exempt associations and conduct player drafts, then the 
franchises with the most money would recruit the most tal¬ 
ented players and dominate the sport, which would ruin the 
4 
sport entirely." The January 10, 1970 edition of Business 
Week Magazine gives this summation of the final outcome of 
government involvement: "Although the merger received Con¬ 
gressional exemption from antitrust charges when it was first 
broached two years ago, it did not get total exemption. The 
legislation allows the clubs to bargain collectively with TV 
networks but does not exempt them from participating in any 
5 
other antitrust activity." It is interesting to note that 
total costs to the industry have decreased since the comple¬ 
tion of the merger. 
Franchises 
There have been several alterations in the game over 
the past twenty-five years, but perhaps none has been quite 
as startling as the overwhelming appreciation in value of a 
team franchise. "Pro football has come a long way from the 
days when a star player earned $2000 for a season and a team 
c 
franchise once was picked up for $500." Postulating that 
the value of a franchise is closely related to the overall 
success of the sport, as well as the individual accomplish¬ 
ments of any given team as a gradient for differentiation, it 
is easy to comprehend why franchise prices have soared. "As 
a mechanism for capital gains, however, pro football has had 
an unequaled track record. The New York Jets' franchise. 
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once considered overvalued at $l-million, leaped to more than 
10 times that amount in the five years that it was held by 
David A. "Sonny" Werblin. Dan Reeves, majority owner of the 
Los Angeles Rams, bought the club (then the Cleveland Rams) 
in 1941 for $100,000. He still (1970) holds a majority in- 
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terest in a property worth an estimated $20-million." The 
present market value of any franchise is considered greater 
than $10-million. Franchise purchases are now considered 
major acquisitions that may have to be transacted on a "pub¬ 
lic" basis in the future since individuals can no longer 
afford to buy them. 
Club Owners 
Knowing the profit potentials of the clubs and the ex¬ 
pense involved in acquiring a franchise, it is interesting 
to see who the team owners are. "In general the owners fall 
into three categories. One sizable group may be thought of 
as essentially 'millionaire sportsmen'. These owners are 
immensely wealthy and under minimal pressure to make money 
out of football; sometimes they appear to view their involve¬ 
ment in the sport as a kind of civic philanthropy--i.e., as 
their own donation to the life and culture of their home 
towns...A second category would be the 'old timers' - owners 
who have been in the game for three or four decades, typic¬ 
ally starting out on a shoestring... A third category includes 
some owners who have been successful promoters in other kinds 
9 
For example, some owners have been: of business. 
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Millionaires - William Ford, Vice-President of Ford 
Motor Co.; Conrad Hilton, President of 
Hilton Hotels, K.S. (Bud) Adams, Son 
of Chairman of Phillips Petroleum 
Company; Lamar Hunt, Son of Billionaire 
H.S. Hunt. 
Old-Timers - George Halas, Owner-Coach of Chicago 
Bears; Art Rooney, Owner of the Pitts¬ 
burg Steelers; J. and W. Mara, Owners 
of the New York Giants. 
Promoters - Carroll Rosenbloom, Textiles, Land 
Developer, etc.; Jerry Wolman, Construc¬ 
tion business executive; Arthur Model1, 
Television producer for ABC. 
Profits 
From a financial point of view, football, is believed 
to be the healthiest of all professional sports in America. 
An article written about the 1970 football season states: 
"The average net earnings per team were estimated at $600,000 
with such well established teams as the New York Giants and 
Los Angeles Rams admitting profits above one million dol¬ 
lars. Roger Noll, a senior fellow at the Brookings In¬ 
stitute has done extensive research on the economics of pro¬ 
fessional sports. He has analyzed football team profitabil¬ 
ity and concludes that there is a "relatively small disper¬ 
sion among the teams in profitability."^ He writes, "Once 
again, an important source of this relative equality in fi¬ 
nancial health is revenue-sharing arrangements. The teams 
split broadcasting revenues almost equally, and gate receipts 
12 
60-40." It is these revenue sharing considerations that 
have kept the game operating so successfully. A recent con- 
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cern of team owners is, as referred to above, with possible 
shrinking profits in future periods. With total revenues 
coming from gate receipts and broadcasting, and almost all 
stadiums filled to capacity and broadcasting packages at near 
maximums, owners foresee revenues as remaining constant while 
their costs continue to increase. Hence, a profit squeeze is 
anticipated. 
Players 
Over the years that professional football has evolved, 
players' salaries have increased at tremendous rates. Play¬ 
ers can enjoy preseason pay, contract incentives, generous 
salaries, lucrative bonuses, and many frings benefits not 
normally accompanying other employment. "In the early days 
of pro football, there were no contracts and players jumped 
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from club to club with the alacrity of fleas." The game 
has since changed significantly. Along with the many finan¬ 
cial changes has come the rise in player social status; to 
be a football player means to occupy an eminent role in so¬ 
ciety. The growth of the game has been due largely to the 
contributions of the players (both on and off the field). 
Players, in general, come to the pros already nationally es¬ 
tablished and better qualified than at any other time in the 
history of the sport. The players are more aware of football 
and its environment due to several internal and external in¬ 
fluences. The increased value of broadcasting rights, the 
increase in demand for the game by spectators, the player 
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disputes in other professional sports, and the impact of the 
important merger negotiations have been some of the contribu¬ 
ting factors leading to player organization. With this in¬ 
terest in the development of an NFL Players' Association has 
come a strong player representation. Many owners perceive 
this organization as developing into a militant group, but, 
in reality, the association has contributed to a more harmonic 
balance between labor and management. 
Players' Salaries 
Prior to the leagues' merger, player salaries were in¬ 
creasing at unprecedented rates. In the final two years im¬ 
mediately preceding the merger total player salaries in¬ 
creased by an amazing $6-million. Much of this increase can 
be credited to the negotiations of the merger and the rising 
importance of the NFL Players' Association. This increase in 
salaries caused regular season bonuses to be temporarily 
eliminated by some owners. Team owners believed that a 
strong unionization of players had formed. Although other 
sports have witnessed severe player "militancy" in recent 
years, the level of player discontent in football is no where 
near as strong. The players have demonstrated and had a 
formal strike, but this was for pension benefits not salaries. 
In 1968 the first walkout of professional football 
marked the beginning of player negotiations and strength. 
"The only issue in the strike was the amount of money to be 
contributed to a pension fund by club owners during the next 
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two years. The employers already had reached tentative agree¬ 
ment with the players' association on about 20 other issues 
at stake in negotiations, including raises in minimum sal- 
14 
aries." The players, however, did not discuss individual 
salaries because it is their belief that these should be ne¬ 
gotiated on an individual basis. The only contract clause 
that has received a unified rejection from the players is the 
option clause. This clause dictates, "football players must 
play out an 'option' year beyond the term of their contract 
and can only move to a new club by arranging to 'compensate' 
15 
their former employer." After the merger, player costs as 
a whole have gone down. The teams no longer face the same 
cut throat tactics once required to sign a player, and the 
players have more teams from which offers can come. 
The Draft 
"On June 5, 1966, the two leagues agreed to merge. Ac¬ 
tual merging of schedules was deferred to the 1970 season, 
but a championship playoff game between the AFL and the NFL 
was scheduled after the 1966 season. The two leagues agreed 
to participate in a common draft of college seniors to begin 
in 1967, and the war was over.Although the merger nego¬ 
tiations had brought the teams together into a more orderly 
drafting format, the concept of the draft was not new. The 
first draft was in 1936 and changed the nature and scope of 
player recruitment. The draft is designed to give the last 
placed team first choice of player. The remaining league 
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teams follow in reverse order of their finishings. The ob¬ 
ject of the draft is to give the last placed teams the chance 
to acquire the best new talent. The draft has been success¬ 
ful in that no team has managed to win the league champion¬ 
ship more than three years in a row. With the merger, the 
AFL and NFL no longer had to compete for players and could 
begin selections in a very efficient bidding procedure. The 
common draft affords the league an orderly system of bidding 
for players and is far superior to the randomness of the pre¬ 
vious years. 
CURRENT INDUSTRY PRACTICES 
Scouting 
The position of the team's scouting function has very 
definitely changed in recent years. The concept of the 
scouts as a group of travelling agents searching all corners 
of the campuses for new talent is outdated. Today there are 
several computer information systems which serve the teams 
as a partial fulfillment of this role. The three scouting 
combines available to the teams are: CEPO, BLESTO VIII, and 
QUADRA. Tim Rooney, scout for the Pittsburgh Steelers, ex¬ 
plains the function of BLESTO VIII, the combine they employ: 
"They cover the seven hundred colleges that play football 
and determine which boys are worth looking at by the pros. 
Blesto computerizes their information and passes it along to 
the eight subscribing clubs. We have men go out and see if 
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these boys have the necessary size and speed credentials to 
play pro ball. It's our responsibility to find out which 
17 
boys will complement our team needs." These computer com¬ 
bines are normally financed by groups of teams due to their 
expense. The combine simply reports college player statis¬ 
tics, outstanding achievements, and any player league honors 
on a national level, to the teams for further action. They 
serve as a clearing house, an initial screening device. The 
teams at this point proceed to contact prospects and begin 
negotiations. Hence, the teams no longer employ a large 
staff to canvas the entire country; the role of scout has 
been modified and simplified. This has had a significant 
impact on the calibre of player that gets contacted. 
Drafting 
As mentioned above, the basic operating procedure of 
the draft has not changed since its inception in 1936. The 
last placed team of the past season gets the first draft 
choice (a race for last place may seem logical). The remain¬ 
ing teams follow in reverse order of their finishings (i.e., 
from worst to best), this completes a draft round. There 
are twenty drafting rounds. The objective of the draft is 
to maintain equal player talent among all teams. It is pre¬ 
sumed that the last placed team will get the most talented 
college player and thereby enhance its winning potential. 
In reality this doesn't always happen. Recently teams 
learned that their draft round selection could be used as 
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effective bargaining tools in the course of a season. The 
team who was hopelessly in last place three-quarters of the 
way through a season realized that it could acquire estab¬ 
lished players by trading away their future draft selections. 
Mr. Edward R. Garvey, Executive Director of the NFL Players' 
Association, speaking before Senator Ervin's subcommittee on 
antitrust states, 
"Losing teams in professional football, (and it 
would be the same in professional basketball) are 
forced to trade draft choices in order to improve 
their circumstances by obtaining established players 
from the winning teams. The winning teams thus have 
a better selection of the best athletes graduating 
from college. Their alternative is to reply com¬ 
pletely on the draft which requires much patience 
and a fair degree of clairvoyance on the part of the 
losing team. The essential difference between the 
worst and the best team is one draft choice. The 
worst team has the first choice and then chooses 
directly after the best team each choice thereafter. 
If drafting were a certainty, they could thereby 
choose five more quality players than the best in a 
five year period. Even with certainty, that is not 
a rapid growth rate. The record of past drafts has 
indicated this slim advantage may be less than one 
player per year. In either case, the process of 
adjustment is very slow."-^-^ 
Although the drafting format and method of operation has been 
kept intact, owners have found ways of changing their draft 
selection rights into recruitment strategies. 
Pre-Season 
The teams' draft choices, veterans and any interested 
free-agents report to a pre-season training camp in mid-sum¬ 
mer. The teams incur costs during this time and they face a 
pre-season game series. The increased spectator interest in 
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pre-season games has brought TV revenues to the league for 
these games. The view of the pre-season as strictly a train¬ 
ing camp is no longer true. The pre-season is for publicity, 
sale of all game tickets, and a chance for the clubs to earn 
pre-season revenues. This has increased the length of the 
playing season. Players are signed either prior to camp or 
during camp and salaries are fairly well fixed. Free agents 
are given try-outs and either signed or released from camp. 
Team Selections 
During the college career of a prospective player and 
also during the pre-season camp the coaches get a look at 
rookies. Veteran players have already been exposed to league 
action and are evaluated in that light. There has been very 
little improvement or alteration in the selection methods em¬ 
ployed by the teams. The league has designated certain 
cutting dates and the teams must select their players within 
these time constraints. The team rosters, therefore, must 
conform to specified league requirements. Presently, a max¬ 
imum of forty players can be carried by a team. 
Franchises 
The philosophy of a team owner has shifted away from 
that of a benevolent sportsman to that of an entrepreneur. 
Owners perceive their clubs as profit making organizations 
rather than weekend sports entertainment. Franchises have 
increased their business intensity and thereby changed both 
the nature of the game and the attitudes of the players. 
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The spirit of winning now hinges strongly on revenues. As 
mentioned above, the profitability of these teams is in¬ 
sured by the revenue-sharing scheme of the NFL. And any 
post-season games will bring forth additional revenues. 
The Game 
Accompanying the surge in the game's popularity is the 
tremendous increase in post-season game bonuses. At no time 
in the past has a championship game rewarded the playoff 
teams more than does the present financial arrangement. The 
player of a winning team is likely to receive in excess of 
twenty-five thousand dollars above his normal pay. Given 
this opportunity, many teams are striving to optimize their 
game strategies through complex information systems. Sever¬ 
al clubs already employ computer technologies as a means of 
19 
play decision mechanisms. Previous games of the opponent 
are coded and loaded in the computer. During the game an 
on-line system is used to generate the most likely play that 
either the opponent will call, given the game circumstances, 
or that will be the most successful for the team with the 
information to call. This game simulation has been shown to 
be quite effective in its predictive capabilities. The con¬ 
cept of the quarterback as the play engineer is fading. Im¬ 
proved technologies are beginning to be implemented by teams 
interested in winning by any means. 
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Players 
The NFL Players' Association (NFLPA) represents the 
players on all twenty-six teams in the professional football 
league. The governing body of the NFLPA is a Board of Player 
Representatives. Each team elects one representative to the 
Board, and the Board in turn elects a president, two vice- 
presidents, and an executive director. The need for this 
organization in post-merger years is greater now than ever 
before. Edward R. Garvey, the executive director of the 
NFLPA, speaking before a subcommittee hearing on a basketball 
merger proposal stated. "Our experience dictates that mer¬ 
ger coupled with an option clause (reverse clause) places 
the individual player in an untenable position in bargaining 
his individual contract; it effectively eliminates the right 
of a player to ever voluntarily leave the team that drafted 
him; and, it all but eliminates a player's right to seek re¬ 
dress in a court of law if he wishes to challenge a course 
of conduct which he believes to be in contravention of fed- 
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eral antitrust laws." The players face a Standard Player 
Contract which they seem unsatisfactory, to say the least. 
A player who signs a one year contract, in effect, signs for 
two years. The team can exercise its 'option' and retain 
the player for his option year at ninety-percent of his 
first year's compensation. "In reality, this is more than 
a 10% cut since the player would normally receive an in¬ 
crease for the second year. He also loses the use of the 
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money for the increase as well as the 10%. " So the loss 
of income to the player is more like 20-25%, not the base 
10%. It is these kinds of specifications that the players 
oppose. At the time of the merger, the league commissioner, 
Peter Rozelle introduced several new operating rules that 
the players feel are harmful to their previous position. It 
is for this reason that the players have better organized and 
have begun fighting many league specifications. 
Player Salaries 
The merger moved the league into a more orderly player 
draft. A common draft was imposed and the competitive bid¬ 
ding for players began to take on a different form. Without 
the competitive threat from an outside league, team owners 
have no real incentive to raise player salaries. Garvey 
states, "Quite the opposite. Owners, like all businessmen, 
are profit maximizers. Salaries are the greatest expense to 
a team and, therefore, if salaries can be held at the same 
level, profits necessarily increase as ticket prices and 
2 2 
attendance increase." The minimum player salary m 1966 
was $5000; but the owners, in an attempt to avoid the in¬ 
creased player unrest, increased the minimum to $12,000 at 
the time of the merger. The NFLPA explained this increase 
as being brought about by the competition presented by the 
AFL prior to the merger, and not to the generosity of the 
owners. "Thus the primary stimulus for increased player 
salaries from 1946 through 1966 was first the existence of 
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the All American Football Conference and second the American 
Football League--not owner generosity or success in individ¬ 
ual negotiations. The college graduate who desires a career 
in professional football in 1972 faces the same situation as 
the graduate of 1950. He must play for the NFL team that 
drafts him at the salary offered or play in the Canadian 
2 3 
Football League." Hence, the players believe that the mer¬ 
ger has severly weakened their bargaining position in salary 
disputes and has led to salary decreases in the post-merger 
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years. The mean player salaries for past years were: 
YEAR SALARY LEAGUE STATUS 
1966 
1967 
1968 
1969 
1970 
$22,068 
24,169 
26,368 
26,368 
25,614 
(not avail¬ 
able) 
Began merger discussions. 
Merger discussions continued. 
Merger gets antitrust exemption. 
Salaries remained about same level. 
Merger completed. Salaries dropped. 
Anticipated future decline. 
The players' salary decrease was partially explained by team 
owners as a result of the increased pension contributions the 
players demanded in 1968. Garvey comments, "In other words, 
the players were told that because of success in collective 
bargaining, the players would now cover the collective cost 
to the League by taking reduced increases in their individual 
contracts. 
Trading 
Although all teams in the league engage in trading of 
players, there appears to be no analytical strategy or logi- 
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cal explanation as to what prompts them to their actions. 
Often a trade appears to arise because of team-player con¬ 
flicts. Player performance should also be a reliable indi¬ 
cator of a future trade or release of a player. But after 
studying some of the recent behaviors of the owners, with 
respect to their trading decisions, no reliable indicator 
has presented itself. The NFLPA executive director makes 
this observation, "Football is a very subjective game. It 
is often impossible to understand why a particular player 
2 6 
is traded or waived." Trading is a more important tool 
for the acquisition of players - moreso than is the draft. 
SUMMARY OF THE CURRENT INDUSTRY PRACTICES 
The league is moving toward more systematic, automated 
systems in both player selection and game strategies. 
Presently, there are several scouting combines that offer 
computer algorithms to aid teams in initial player selection. 
The post-merger league has the common draft, which gives an 
orderly format to player bidding; standard player contracts, 
which standardize the league's operational characteristics; 
revenue-sharing plan, which insures the profitability of all 
teams; and the opportunity for lucrative post season games, 
which further contribute to the profitability of the playoff 
•teams. The owners are happy with their business enterprises 
but anticipate further profit squeezes. The players are un¬ 
happy and perceive their bargaining powers and competitive 
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opportunities weakened by the merger. Player salaries have 
declined, on average, since the merger. 
Although much of the strategies do not appear to be ob¬ 
vious, the league is evolving in a very definite way. It is 
an antitrust exempt monopoly that is trying hard to maximize 
its revenues and minimize its costs. In an attempt to op¬ 
timize its position, the league, is seeking better, more com¬ 
plete information that will aid it in its decision making. 
Even though scientific applications to football are relative¬ 
ly new, the teams' demand for them demonstrates their employ¬ 
ment potential. 
i 
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